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Tnla  FY  1964  Annual  Progress  Report  ia  a  general  review  of  the  reaearch 
activitiea  of  the  U.  S.  Arry  Medical  Unit,  Fort  Detrick,  Maryland,  under 
Project  1C622401A096  (formerly  1C012501A030) ,  Medical  Defenae  Aapecta  of 
Biological  Warfare  (U)  (formerly  Riak  to  U.  3.  Armed  Forcea  from  Biological 
Warfare).  The  project  ia  divided  into  three  Taaka  aa  follova: 

1C622401A096-01  -  Vulnerability  of  Man  to  Biological  Warfare. 

lC6224-r>lA096-02  -  Prevention  and  Treatment  of  Biological  Warfare 
Caaualtiea. 

1C622401A096-03  -  Laboratory  Identification  of  Biological  Warfare 
Agenta. 

Taaka  01  and  02,  have  Subtaaka  represented  by  contractual  agreements 
with  lnduatrlal  firms  or  educational  inatltutions.  Their  reports  are  avail¬ 
able  through  DDC. 

Tasks  are  internally  subdivided  into  Studies,  identified  by  a  four- 
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The  remaining  two  digits  are  assigned  sequentially  as  specific  studies  sre 
made  parts  of  the  reaearch  urogram. 

When  a  study  ia  completed  or  terminated  its  number  la  not  reassigned. 

In  the  Table  of  Contenta,  Studies  in  these  categories  are  so  designated. 
COMPLETED  indicates  no  further  work  la  planned.  TZKMIHATRD  Indicates  no 
further  work  la  planned  until  additional  personnel  or  facilities  are  avail¬ 
able. 
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ABSTRACT 


A  report  of  progress  on  the  re*e«rch  program  of  the  U.  S.  Army  Medical 
Unit,  Fort  Detrick,  Maryland,  for  Fiscal  Year  1964  is  presented. 
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Protein  metabolism  was  studied  in  chimpanzees  using  L-methionine-SJ 
incorporation  into  plasma  albumin  and  globulin  as  a  measure  of  protein 
turnover.  In  each  of  3  chimpanzees,  protein  turnover  was  measured  at  normal 
body  temperature,  then  during  2  periods  in  which  rectal  temperature  was 
raised  to  106F  by  externally  applied  heat,  and  the  first  during  hyperthermia 
alone  and  the  last  during  infection  with  Venezuelan  equine  encephalomyelitis 
virus.  Protein  breakdown  was  increased  during  hyperthermia  with  or  without 
infection.  Increased  protein  breakdown  present  with  fever  and  with  infection 
appear  to  contribute  to  the  observed  increase  in  nitrogen  excretion  in  these 
conditions.  Certain  findings  suggested  the  concept  that  protein  synthesis 
as  well  as  breakdown  were  stimulated  by  the  presence  of  virus  Infection. 
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Metabolism 


Description: 

To  determine  the  effects  of  hyperthermia  on  protein  turnover  in  the 
chimpanzee.  With  the  aid  of  S-35  labeled  methionine,  protein  turnover 
rates  are  determined  at  normal  temperature,  at  hyperthermia  alone  (106F) , 
and  with  a  virus  agent  in  the  presence  of  equal  hyperthermia. 

Progress: 


The  existing  work  has  been  prepared  for  publication;  the  paper  has  been 
accepted  for  presentation  at  the  June  1964  Army  Science  Conference.  Physi¬ 
cally  induced  hyperthermia  caused  a  marked  decrease  in  the  uptake  of 
labeled  methionine  into  plasma  globulin  in  2  of  3  chimpanzees.  There  were 
no  observable  changes  in  the  uptake  of  methionine  into  albumin  observed 
under  the  conditions  of  the  experiment.  When  the  same  degree  of  hyperthermia 
was  maintained  in  the  presence  of  virus,  there  was  an  obvious  increase  in 
prctein  turnover.  In  all  3  experimental  situations  -  control,  hyperthermia, 
hyperthermia  plus  infection,  the  significant  uptake  of  the  Me-S3'  occurred 
in  the  first  4  hours  following  administration  of  the  tracer.  Since  the 
breakdown  rate  of  tagged  globulin  during  fever  alone  was  the  same  as  with 
fever  during  viral  infection,  then  the  increased  uptake  of  the  Me-S35  in 
the  presence  of  virus  appealed  due  to  increased  synthesis  or  uptake  during 
the  infection. 

Summary  and  Conclusions: 


■UMVAJH-! 
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:< .  .  ■  -i 

M  i  , , 


Protein  metabolism  measured  by  L-methionine-S  incorporation  into 
plasma  albumin  and  globulin  in  chimpanzees  has  been  followed  in  condi¬ 
tions  of  normal  body  temperature,  hyperthermia  and  hyperthermia  plus 
virus . 

Breakdown  is  increased  in  both  experimental  groups  over  that  in  the 
control  group.  It  is  concluded  that  this  increase,  caused  primarily  by 
the  fever,  contributed  to  the  previously  observed  Increased  nitrogen 
excretions. 


Evidence  supports  the  concept  that  protein  synthesis  is  stimulated  by  the 
preserve  cf  virus  at  a  time  simultaneous  with  that  of  the  observed  protein 
bre  awicw-s. 
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tharmia  on  Protein  Turnover  in  Infection."  Accepted  for  presentation 
at  the  Army  Science  Conference,  June  1964. 
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Metabolic  balance  studies  have  been  utilised  to  study  the  impact  of 
experimentally  induced  acute  infection  on  the  metabolism  of  human  volun¬ 
teers.  A  constant  liquid  plus  fruit  diet,  adequate  in  all  basic  components, 
was  employed  with  appropriate  equilibration  and  control  collections  prior 
to  challenge,  j.  Chemical  analyses  have  been  completed  in  groups  of  men 
exposed  to  an  aerosol  of  Pasteurella  tularensls ,  or  to  artificial  hyper¬ 
thermia  Induced  by  a  hot  humid  environment  and  in  another  group  by 
bacterial  endotoxin  given  intravenously.  Analyses  are  in  progress  on 
subjects  exposed  to  Coxiella  burnetii  and  in  controls  who  received 
antibiotic  therapy  only.  During  acute  tularemia  there  was  a  prolonged 
cumulative  loss  of  N,  K,  P,  and  Mg.  The  cumulative  losses  of  these 
intracellular  elements  were  not  repleted  far  Into  convalescence  despite 
the  prompt  use  of  specific  antibacterial  therapy.  The  severity  of  the 
disease  was  related  to  the  magnitude  of  the  loss.  Artificial  hyperthermia, 
induced  by  a  hot  humid  environment,  produced  certain  changes  which  were 
different  from  those  seen  in  acute  infection,  but  many  of  the  observed 
changes  suggested  that  fever,  per  se ,  was  indeed  a  contributing  factor 
to  the  metabolic  alterations  associated  with  acute  infection. 
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Description: 

To  study  changes  in  nitrogen,  electrolyte  anti  mineral  balance  in  man 
induced  by  acute  experimentally  induced  infection  (or  in  appropriate 
control  situations),  and  to  correlate  observed  metabolic  changes  with 
various  clinical  and  laboratory  features  of  the  infection. 

Progress; 

The  study  of  metabolic  responses  of  the  human  host  to  acute  in¬ 
fection  has  been  pursued  with  considerable  activity.  Methods  of  diet 
preparation,  specimen  collection,  and  analysis  have  become  well 
standardised.  The  laboratory  personnel  required  to  conduct  these 
studies  have  been  developed  with  on-the-job  training.  In  addition 
to  the  16  subjects  exposed  to  Pasteurella  tularenais  who  were  studied 
initially,  other  groups  have  been  studied  using  the  metabolic  balance 
technique.  These  include  8  subjects  exposed  to  artificial  hyperthermia 
to  produce  fever  similar  to  that  seen  in  tularemia,  6  subjects  who 
received  Intravenous  bacterial  endotoxin  to  produce  fever,  8  subjects 
exposed  to  Coxiella  burnetii,  and  8  non-exposed  subjects  who  were 
treated  with  antibiotics  (streptomycin  or  tetracycline)  to  obtain 
control  data  concerning  the  metabolic  effects  of  therapy.  Another 
study  involving  8  men  is  in  progress  to  determine  if  the  source  of 
dietary  protein  (animal  vs.  vegetable)  exerts  an  influence  on  the 
metabolic  response  to  acute  tularemia. 

Laboratory  analyses  have  bv=en  completed  in  3  of  the  above  projects 
and  are  in  various  stages  of  completion  in  the  others.  Balance  data 
for  Na,  K,  Cl,  Ca,  POa,  Mg,  and  N  and  nitrogenous  components  which 
Include  urea,  creatinine,  uric  acid  and  alpha  amino  acid  nitrogen  have 
been  calculated  in  16  subjects  e/posed  to  acute  tularemia. 

With  the  onset  of  symptoms  and  fever  in  subjects  with  acute 
tularemia  there  developed  a  loss  of  N,  K,  P,  and  Mg  which  appeared  to 
be  due  in  part  both  to  increased  urinary  excretion  and  to  decreased 
dietary  intake.  Cumulative  loss  of  these  intracellular  elements  per¬ 
sisted  throughout  the  course  of  the  acute  illness  and  recovery.  There 
was  no  repletion  of  these  losses  far  into  convalescence  despite  the 
prompt  use  of  specific  streptomycin  therapy.  The  severity  of  the 
disease  appeared  related  to  the  magnitude  of  ioss.  Extracellular 
electrolytes,  Na  and  Cl,  were  lost  in  excess  during  the  onset  cf  acute 


illness,  bu^  losses  were  promptly  reversed  by  renal  retention;  changes  in  Ca 
were  only  minimal.  Urinary  II  breakdown  products  showed  increases  with  illnes 
which  varied  sufficiently  in  the  timing  to  give  indications  that  changes  were 
taking  place  in  the  utilization  of  various  pathways  of  intermediate  nitrogen 
metabolism. 

Artificially  induced  hyperthermia  was  seen  to  show  both  similarities  and 
differences  in  the  handling  of  minerals  and  electrolytes  from  those  observed 
during  acute  infection.  These  studies  were  conducted  in  conjunction  with 
Major  Robert  J.T.  Joy  and  Dr.  Ralph  Goldman  of  the  USA  Research  Institute 
of  Environmental  Medicine,  Natick,  Massachusetts.  Because  of  large  losses 
of  sweat,  replaced  on  a  volume  basis  by  water  alone,  dilutions!  cusuges  were 
noted  in  the  plasma  electrolytes.  Large  sweat  losses  of  Na,  Cl,  K,  Ca,  Mg 
and  urea  contributed  to  negative  blaances  of  these  elements.  The  hot 
atmosphere  induced  hyperventilation  with  resultant  respiratory  alkylosis  of 
modest  degree.  This  in  turn  lead  to  an  exaggerated  fall  in  serum  ?  and  the 
virtual  disappearance  of  P  from  urine  and  sweat,  and  so  prevented  occurrence 
of  a  negative  P  balance.  Analytic  procedures  of  studies  involving  endotoxin 
fever,  antibiotic  therapy  only,  and  Q  fever  are  in  various  stages  of 
completion. 

Summary  and  Conclusions: 

Metabolic  balance  studies  have  been  pursued  actively  in  groups  of  volun¬ 
teers  exposed  to  infectious  agents  or  to  various  controlled  conditions. 
Extensive  chemical  analyses  have  been  completed  or  are  in  progress  in 
complete  metabolic  belar.ee  studies  involving  52  individuals. 

These  studies  are  providing  basic  Information  on  many  metabolic  changes 
which  accompany  experimentally  induced  Infection  in  humans.  These  same 
parameters  being  correlated  with  studies  of  adrenal  function  and  with 
various  other  clinical,  bacteriologic  and  laboratory  data. 
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1.  Beisel,  William  R. ,  and  Sawyer,  V.C.:  "Metabolic  Balance  Studies 
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Studies  to  delineate  and  quantitate  various  aspects  of  the  adrenocortical 
resnonse  to  the  stress  of  experimentally  induced  infection  or  to  febrile 
states  wet-  '•''"tinned.  A  total  of  72  volunteers  have  been  fallowed.  These 
studies  to  date  have  shown  an  increasing  excretion  of  adrenocortical  ho.-mones 
with  the  onset  of  developing  tularemia  and  an  abrupt  return  tc  normal  after 
institution  of  therapy.  Similar  changes  were  observed  in  persons  subjected 
to  artificial  hyperthermia  induced  physically  by  a  hot,  humid  environment. 

It  was  observed  in  the  subjects  with  tularemia  that  the  degree  of  severity 
of  the  clinical  illness  was  proportional  to  the  increase  in  adrenocortical 
output.  Changes  were  most  marked  in  the  17-hydroxycorticoid  fraction  but 
were  also  present  within  the  pregnanetriol  and  17-ketosteroid  metabolites. 
Samples  from  volunteers  subjected  to  Q  fever  or  antibiotic  therapy  alone 
are  undergoing  analysis. 
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Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Vulnerability  of  Man  to  Biological  Warfare 

Prodc  tion,  Transport,  and  Metabolic 
Degradation  of  Adrenocortical  Hormones 
in  Infectious  Disease 


To  obtain  information  on  production  rates ,  plasma  transport 
mechanisms,  and  probable  qualitative  and  quantitative  changes  in  the 
urinary  excretion  of  adrenocortical  hormones  and  their  metabolites 
in  association  with  acute  infectious  disease,  with  especial  emphasis 
on  the  incubation  and  prodromal  periods. 

Progress: 

Collections  of  blood  and  urinary  steroids  have  been  obtained  during 
42  studies  in  human  subjects  exposed  to  tularemia  which  included  non- 
immunixed,  sham-exposed,  and  immunised,  and  previously  infected 
volunteers.  Quantitation  of  the  adrenal  steroid  metabolites  in  urine 
and  of  plasma  cortisol  are  being  conducted  in  the  steroid  laboratories 
of  the  Department  of  Metabolism,  Walter  Reed  Army  Institute  of  Research. 
Plasma  binding  is  being  determined  in  this  laboratory.  An  increase  in 
the  output  of  17-hydroxycorticoida  appeared  to  parallel  the  increasing 
symptoms  and  fever  of  acute  tularemia,  but  abruptly  returned  to  normal 
following  institution  of  streptomycin  therapy.  This  increase  was 
proportional  to  the  extent  and  severity  of  clinical  infection  and 
was  only  minimal,  short-lived,  or  entirely  absent  in  the  immunized 
or  previously  infected  volunteers  who  showed  slight  symptoms  only. 

No  changes  in  output  were  noted  in  the  2  iham-exposed  individuals. 

Measurements  of  urinary  pregnanetriols  showed  a  tendency  toward 
increased  excretion  during  the  ea. liest  days  of  symptoms  and  fever 
in  acute  tularemia.  The  urinary  17 -ketosteroid  metabolites  showed  a 
major  increase  during  the  height  of  illness  which  then  dropped 
abruptly  to  normal  with  institution  of  therapy.  Fractionation  of  the 
17 -ketosteroid  metabolites  generally  showed  that  a  reversal  of  pattern 
took  place.  Normally  androsterone ,  etiocholanolone ,  and  dihydroepiandro- 
sterone  fractions  are  excreted  quantitatively  in  that  order.  With  fever 
due  to  acute  tularemia  the  dihydroepiandrosterone  fraction  increased 
markedly  and  became  quantitatively  greater  than  the  ether  fractions  in 
moat  subjects. 

The  studies  of  plasma  cortisol  and  its  binding  during  infection  are 
in  progress.  In  relating  the  timing  of  adrenocortical  change  to  those 
of  observed  alterations  in  metabolic  balance,  especially  those  of 
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nitrogen  and  electrolytes,  it  appeared  that  the  increase  in  glucocorticoid 
excretion  preceded  major  changes  in  nitrogen  balance.  It  also  appeared  that 
glucocorticoid  excretion  had  normalized  several  days  before  a  renal  con¬ 
servation  of  ha  and  Cl  became  raximal.  Because  of  this  latter  observation, 
additional  studies  are  in  progress  to  determine  the  exact  time  sequence  of 
glucocorticoid  versus  mineralocorticoid  output. 

Because  of  the  abrupt  return  of  excess  glucocorticoid  excretion  to 
normal  with  the  institution  of  therapy,  a  group  of  8  men  have  been  studied 
during  antibiotic  treatment  without  exposure  to  diseased  organisms.  Re¬ 
sults  on  these  studies  are  pending.  Another  group  of  8  men  with  fever 
induced  by  a  hot  humid  environment  (studied  in  conjunction  with  Major 
Robert  J.T.  Joy  and  Dr.  Ralph  Goldman,  USA  Research  Institute  of 
Environmental  Medicine,  Natick,  Mass.)  showed  changes  in  hydrcxysteroid 
excretion  which  were  similar  in  magnitude  to  those  seen  in  the  acutely 
ill  tularemia  patients.  In  this  group  a  reversal  of  the  usual  diurnal 
pattern  of  steroid  excretion  was  observed.  Six  men  receiving  bacterial 
endotoxin  intravenously  developed  only  short-lived  mild  fever  and  failed 
to  show  an  adrenal  response  as  evidenced  by  corticoid  metabolite  excretion 
measurements.  Adrenocortical  studies  on  8  subjects  who  developed  Q  fever 
are  pend ing . 

Summary  and  Conclusions: 

Results  to  date  in  large  numbers  of  human  subjects  exposed  to  infectious 
organisms,  or  studied  during  other  induced  fevers,  have  shown  that  an  in¬ 
crease  in  adrenocortlcoid  output  appears  to  begin  with  the  onset  of  fever 
and  to  disappear  with  the  institution  of  therapy.  Changes  in  the  fractional 
pattern  of  ketosteroid  metabolite  excretion  have  been  documented.  Studies 
of  other  infectious  processes  and  control  situations  are  in  progress. 

Patterns  c*  adrenal  response  can  be  compared  temporally  with  various  changes 
in  balance  on  nitrogen,  minerals,  and  electrolytes.  These  suggest  that  the 
considerable  differentiation  in  the  timing  of  glucocorticoid  response  from 
that  of  the  mineralocorticoid  response  may  be  possible. 
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A  series  of  experiments  was  conducted  to  evaluate  the  influence  of  total- 
body  x-irradiation  on  infection  with  2  strains  of  Venesuelan  equine  encephalo¬ 
myelitis  (VEE)  virus  (Trinidad  and  its  attenuated  strain  TC-83) . 

The  initial  experiments  were  designed  to  attempt  to  establish  the  time 
parameters  in  which  200r  or  500r  might  be  expected  to  influence  VEE  infection 
in  mice.  Mice  were  administered  500r  over  a  period  ranging  from  8  days  before 
to  4  days  after  infection  with  approximately  10^  MIPLD^q  Trinidad  VEE.  Except 
for  those  animals  irradiated  8  hours  before  Infection,  mean  days  of  death  in 
remaining  groups  did  not  differ  significantly  from  the  nonirradiiled  controls. 

In  a  similar  experiment  with  attenuated  strain  mice  were  challenged  with  virulent 
VEE  14  days  after  TC-83  administration;  the  pattern  of  death  varied  In  the 
animals  infected  shortly  before  or  shortly  after  irradiation.  This  resembled 
the  "breakthrough"  phenomenon  observed  on  tissue  culture  neutralisation  test 
procedure.  Maximum  suppression  of  immunity  occurred  in  the  group  irradiated 
one  day  before  Infection. 
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In  similar  experiments  with  200r  no  effect  of  irradiation  was  observed. 

In  another  study  to  determine  whether  irradiation  altered  the  suscep¬ 
tibility  of  mice  to  infections  with  VEE  virus,  it  appeared  that  irradia¬ 
tion  prior  to  infection  interfered  with  or  altered  the  susceptibility 
of  the  mouse  to  infection. 

It  seemed  most  likely  that  the  observed  effect  was  due  to  altered 
capacity  of  irradiated  cells  to  support  virus  replication  and,  depending 
on  the  duration  of  these  effects,  the  inmuno logical  response  to  infection. 
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To  investigate  the  modif ications  of  infectious  diseases  by  x-ray  irradiation. 

To  study  the  immunological  responses  and  its  possible  impairment  when 
irradiation,  is  combined  with  infection. 

Progress; 

In  these  preliminary  studies,  particular  emphasis  was  placed  upon  the  time 
interval  between  radiation  and  infection  and  the  effects  of  radiation  on  immuno¬ 
logical  responses.  According  to  previous  observations,  irradiation  might 
modify  significantly  the  course  of  infectious  diseases  and  Infection  might 
complicate  the  outcome  of  radiation  sickness. 

A  series  of  experiments  was  conducted  in  this  laboratory  to  evaluate  the 
effect  of  ^-irradiation  on  Venezuelan  equine  encephalomyelitis  (VEE)  infec¬ 
tion.  In  these  studies  mice  ware  employed  to  evaluate  the  Influence  of 
irradiation  on  infection  with  twc  strains  of  VEE  virus:  unmodified  Trinidad 
strain  and  an  attenuated  strain  of  tha  same  virus  (TC-33).  CD-I  strain, 
albino  Swiss  mice,  3-4  weeks  of  age  were  employed. 

The  unmodified  Trinidad  strain  is  uniformly  lethal  for  all  mice  given  at; 
infecting  dose,  whereas  its  attsnuated  counterpart  induces  an  inapparent 
Infection  as  well  as  lmnunity  to  subsequent  challenge  with  the  parent  virus. 

Mice  recovered  from  infection  with  the  attsnuated  virus  have  withstood  chal¬ 
lenge  with  up  to  10^  MIPLDjq  of  unmodified  virus. 

X- irradiation  was  accomplished  as  a  single  whole-body  expo-  .re  employing 
a  1  MEV,  3  MA  unit  at  a  distance  of  100  cm  and  a  rate  of  55r  per  minute. 

Experiment  I  was  designed  to  try  to  establish  the  time  parameters  in  which 
sublethal  irradiation  (500r)  might  be  expected  to  influence  the  infection  with 
either  virus.  Groups  of  mice  were  administered  500r  over  a  period  ranging 
from  8  days  before  to  4  day*'  after  infection  with  approximately  10^  MIPLDjq 
of  Trinidad  virus  or  10^  MXPIDgQ  of  its  attenuated  strain.  Table  I  snows 
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TABLE  I.  EFFECT  OF  X- IRRADIATION  (TOTAL-BODY,  500r)  ON  VEE  INFECTED  MICE. 
DISTRIBUTION  OF  THE  ANIMALS  IN  THE  EXPERIMENTS. 


GROUPS 

VEE 

Trinidad  Attenuated 

(TC-83) 

OTHERS 

I,  Controls: 

1. 

Irradiation  alone 

20 

2. 

Trinidad  alone 

20 

3. 

Attenuated  VEE  alone 

20 

4. 

Unmodified 

20 

II.  Irradiation  +  Infection 
(Simultaneously) 

20 

20 

* 

III.  Infection  before  Irradiation: 

1. 

-  8  hr. 

20 

20 

2. 

-  1  day 

20 

20 

3. 

-  2  days 

20 

20 

4. 

-  4  days 

20 

20 

IV.  Infection  after  Irradiation: 

1. 

+  8  hr. 

20 

20 

2. 

+  1  day 

20 

20 

3. 

+  2  days 

20 

20 

4. 

+  4  days 

20 

20 

.  5. 

|! 

+  8  days 

20 

20 

I 
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the  distribution  of  the  mice  in  the  experiments  and  Table  II  illustrates 
cumulative  deaths  by  day  post-infection  and  mean  days  of  death.  From  analysis 
ol  these  data,  it  appears  tnat  500r  did  not  significantly  change  the  mortality 
rate  of  Trinidad  infected  mice.  Except  for  those  animals  irradiated  8  hours 
after  infection,  the  mean  days  of  deaths  in  remaining  groups  did  not  differ 
significantly  from  the  ron-irradiated  controls.  Another  observation  recorded 
was  early  deaths  which  occurred  within  the  -1  to  +2-day  groups;  this  was  possibly 
related  to  a  shortened  incubation  period  as  seen  in  bacterial  infections. 

Additional  data  were  obtained  with  attenuated  strain  and  summarized  in 
Table  III.  Methods,  procedures  and  distribution  of  the  mice  were  the  same  as 
in  the  previous  experiment  (Table  I).  Evidence  of  infection  was  based  on 
survival  of  the  animals  following  challenge  with  virulent  virus  14  days  after 
inoculation  of  the  attenuated  strain. 

Table  III  illustrates  the  cumulative  deaths  by  days  post -infect ion  with 
tbe  per  cent  surviving  or  immune.  Except  in  the  group  irradiated  one  day  before 
infection  the  pattern  of  death  and/or  day  of  first  death  varied  from  that 
usually  observed  with  this  type  procedure.  This  was  particularly  true  for  the 
-1  day  and  -8-hour,  simultaneous,  and  +8-hour  groups.  The  pattern  of  death 
resembled  the  so-called  "breakthrough"  phenomenon  observed  in  tissue  culture 
neutralization  test  procedures.  This  is  the  first  time  we  have  observed  this 
type  response  following  attenuated  virus  and  challenge  procedure  and  will  re¬ 
quire  further  investigation. 

Maximum  suppression  of  immunity  occurred  in  the  group  irradiated  one  day 
before  infection.  However,  since  development  of  immunity  is  dependent  upon 
virus  replication  to  produce  sufficient  antigenic  mas  ‘  to  result  in  immuniza¬ 
tion,  additional  studies  are  indicated  to  define  whether  the  Influence  is  on 
that  of  virus  replication  or  on  the  immune  response  or  perhaps  a  combination 
of  the  two  (see  experiment  III). 

In  experiment  II  similar  procedures  to  those  Just  described  were  performed 
employing  200r  as  the  irradiation  dose.  The  results  may  be  summarized  briefly, 
tc  wit,  nc  effect  of  irradiation  was  observed. 


TABLE  11.  PATTERN  OF  DEATH  IN  MICE  ADMINISTERED  500r  X- IRRADIATION  AND 
INFECTED  WITH  TRINIDAD  STRAIN  VEE  VIRUS 


TIME  OF 
IRRADIATION 


RELATIVE  TO 
INFECTION 

CUMULATIVE 

DEATHS 

BY  DAY  POSTINOCUUTION 

MEAN  DAY 
OP  DEATH 

3 

4 

5 

6 

7 

8 

9  11 

Controls 

10 

18 

20 

5.6 

.  .  a/ 

-4  CL'— 

8 

11 

19 

20 

6.25 

-2  da 

3 

10 

20 

6.3 

-1  da 

2 

9 

16 

18 

19 

.0 

-8  hr 

2 

4 

9 

10 

20 

6.7 

0 

1 

2 

10 

20 

5.4 

+8  hr^ 

1 

4 

13 

19 

5.1 

+1  da 

5 

8 

18 

19 

5.4 

+2  da 

1 

2 

9 

16 

18 

5.4 

44  da 

1 

6 

16 

20 

6.0 

+8  da 

5 

9 

18 

19 

20 

6.4 

Minus  sign  denotes  irradiation  after  infection. 
Plus  sign  denotes  irradiation  before  Infection. 


TABLE  III.  PATTERN  OF  DEATH  FOLLOWING  CHALLENGE  OF  MICE  ADMINISTERED  500r 
X- IRRADIATION  AND  INFECTED  WITH  ATTENUATED  VEE  VIRUS 


TIME  OF 
IRRADIATION 
RELATIVE  TO 

CUMULATIVE  DEATHS 

BY 

DAY 

POSTCHALLENC-E^ 

PER  CENT 

INFECTION- 

4 

5  6 

7  8  9 

10 

11 

12  13 

14  15 

16 

IMMUNE 

Controls 

100 

,  ,  c  / 

-4  da— 

2 

90 

-2  da 

1 

3 

85 

-1  da 

2 

4 

3 

75 

-8  hr 

1 

3 

4 

6 

70 

0 

1  2 

4  6 

70 

c/ 

+8  hr- 

2 

3 

4  6 

.  70 

+1  da 

1  3 

8  12  13 

30 

+2  da 

1 

2 

3 

85 

■+4  da 

o 

o 

H 

+8  Ja 

100 

a.  Infected  with  Ca.  103  guinea  pig  intraperitoneal  iammising  doses 
of  attenuated  VEE  virus.  ' 


b.  Challenged  with  Ca.  103  MIPLD^q  Trinidad  strain  virus  14  days  after 
original  infection. 


c.  Minus  denotes  irradiation  after  infection,  plus  denoteb 


re. 


ga«jafel»BI'ri?ai.i!Ma»^«3i^ilj^^  ^v^ifteTfe^riHlil'^r^.^  r-  -  . .. .  .  .j 
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A  comparison  of  the  effects  of  200r  and  500r  on  attenuated  VEE  virus 
is  presented  in  Figure  1.  Each  block  represents  the  mortality  rate  of 
the  irradiated  mice  following  challenge  with  virulent  virus  14  days  after 
inoculation  of  the  attenuated  strain.  Five  hundred  roentgens  appeared  to 
interfere  with  the  mechanisms  of  defense  and/or  immunological  responses, 
whereas  200r  did  not.  Whether  this  difference  is  related  to  the  reported 
detrimental  effect  of  large  doses  and  so-called  beneficial  effects  of  small 
doses,  is  not  known;  further  studies  will  be  needed  to  elucidate  this 
question.  Montheless,  this  is  in  agreement  with  the  findings  of  other 
authors  in  bacterial  infections. 

Experiment  III.  Because  development  of  immunity  with  the  attenuated 
virus  is  dependent  on  the  replication  of  virus,  it  was  of  interest  to 
determine  whether  irradiation  altered  the  susceptibility  of  mice  to  in¬ 
fection  with  VEE  virus.  Mice  were  irradiated  with  500r,  8  and  24  hours 
before,  simultaneously  with,  and  8  and  24  hours  after  infection  with  un¬ 
modified  Triuiuau  virus.  The  unmodified  virus  was  titrated  in  serial  10- 
fold  dilutions  in  each  of  these  groups  employing  10  animals  per  dilution. 
The  results  are  presented  in  Table  IV  in  which  the  LD^q  in  each  group  and 
the  difference  in  logs  from  the  control  are  given. 

TABLE  IV.  TIT  RAT I0IT  OF  TRINIDAD  STRAIN  VEE  VIRUS  IN  X- IRRADIATED  MICE 


TTME  OF 

IRRADIATION 
RELATIVE  TO 
INFECTION 

VIRUS  , 

TITER-' 

DIFFERENCE 

FROM  CONTROLS, 

MG  10 

Controls 

10.5 

-24  hr^/ 

9.9 

0.6 

-8  hr 

9.8 

0.6 

Simultaneous 

9.8 

0.7 

+8  hr^/ 

9.4 

l.l 

+24  hr 

7.4 

3.1 

a.  Virus  titer  expressed  as  log^Q/0.3  ml. 

b.  Minus  denotes  irradiation  after.  Plus  denotes  Irradiation  before. 


m 


INFECTED  WITH  ATTENUATED  VEE  VIRUS  AND 
CHALLENGED  14  DAYS  LATER  WITH  UNMODIFIED 
VEE  VIRUS. 
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The  virus  titered  10x  ’  LDjq  per  0.3  ml  in  the  control  group.  The 
titers  obtained  in  the  controls  and  those  animals  irradiated  simultaneously 
or  cfter  infection  did  not  differ  significantly.  In  contrast  from  the  results 
obtained  with  animals  irradiated  8  ar.d  24  hours  before  infection  it  appeared 
that  irradiation  prior  to  infection  with  VEE  virus,  interferes  with  or 
alters  the  susceptibility  of  the  mouse  to  infection  with  this  agent.  These 
results  tend  to  support  those  obtained  in  the  first  experiment  with  atten¬ 
uated  virus. 

It  seems  most  iikely  that  the  observed  effects  are  due  to  the  altered 
capacity  cf  irradiated  cells  to  support  virus  replication  and,  depending 
on  the  duration  of  these  effects,  the  immunologic  response  to  infection. 

As  employed,  "virus  replication"  includes  all  phases  of  the  cycle  of  virus 
infection.  In  addition,  irradiation  might  Induce  or  activate  nonspecific 
humoral  defense  mechanisms  which  alter  the  Infectious  p  ocess. 

Experiment  IV.  Since  a  direct  affect  on  a  cycle  of  virus  replication 
seems  the  most  likely  of  the  proposed  explanation,  studies  were  initiated 
to  determine  the  effect  of  Irradiation  on  virus  replication. 

The  approach  employed  involved  the  serial  sacrifice  of  mice  irradiated 
and  Infected  as  in  the  previous  study.  Three  groups  of  mice  were  used  in 
the  initial  study:  those  without  irradiation,  thoae  irradiated  simultane- 
oualy  with  Infection,  end  thoae  irradiated  24  hours  before  infection.  These 
groups  were  selected  since  the  letter  particularly  showad  the  most  marked 
effect  of  Irradiation  on  the  Infection. 

For  the  purposes  of  estimating  virus  replication  the  liver  of  each  mouse 
was  removed  and  titrated.  The  liver  was  selected  because  of  its  slse  and 
ease  of  harvest  and  particularly  because  previous  studies  in  our  laloratory 
have  shown  this  tissue  to  contain  relatively  the  same  quantities  of  virus 
as  any  other  organ  in  mice  infected  with  VEE  virus. 

The  results  of  the  titration  in  the  three  groups  do  net  agree  in  total 
with  thoae  just  presented  (Experiment  III).  The  titration  in  tne  controls 
and  in  the  group  irradiated  simultaneously  with  infection  were  almost  identical 
with  those  presented  in  the  previous  experiment.  However,  in  the  group 
i  -adiated  24  hours  before  infection,  the  difference  between  the  controls 
ar.i  this  group  titer  although  significant,  was  1.5  logs  as  compared  to  3.1 
logs  obtained  in  the  previous  experiment.  This  failure  to  confirm  the  early 
results  mey  be  technical  error  and  will  require  repetition  and  further 
investigation. 

Fluorescent  ar.rtbody  evaluation  of  VEE  virus: 


In  a  few  animals  sacrificed  moribund  in  the  first  experiment,  brain 
and  visceral  organs  were  frozen  in  liquid  nitrogen  for  fluorescent  anti¬ 
body  techniques.  In  addition,  from  experiment  IV  (serial  sacrifice  study) 
representative  sections  of  liver  and  the  following  organs  were  also  frozen 


for  virts  detection  by  the  same  techniques:  brain,  spleen,  kidney,  heart  anS 
occasionally  gonads  or  other  tissues. 

Fluorescent  particles  compatible  with  VEE  virus  (both  modified  and  attanu- 
ated)  were  detected  in  the  brains,  livers  and  spleens  of  both  irradiated  and 
non*- irradiated  infected  mice  while  none  were  seen  in  the  controls.  Figure  2 
illustrates  these  fluorescent  particles  in  brain  of  a  VEE  infected  mouse,  +8 
hour-group. 


Summary  and  Conclusions: 


Several  experiments  were  conducted  to  study  the  influence  of  irradiation  pn 
VEE  infection  and  on  immune  responses.  Mice  were  infected  with  Trinidad  VEE 
virus  or  its  attenuated  strain.  From  the  analysis  of  the  data  presented  in 


these  studies,  the  following  conclusions  are 


rea.  Vd: 


Irradiation  influences  VEE  infection  as  it  does  most  bacterial  infections 


2.  500r  did  not  significantly  change  the  mortality  rate  of  Trinidad  VEE 
infected  mice;  a  shortened  incubation  period  for  groups  irradiated  shortly 
before  and  after  infection  was  the  only  pertinent  finding, 

3.  In  mice  infected  with  the  attenuated  strain  and  challenged  14  days 
later  with  virulent  VEE,  the  pattern  of  death  varied  from  the  controls  and 
resembled  the  "breakthrough"  phenomenon  of  neutralisation  test  in  tissue 
culture . 


4.  Immunity  is  maximally  dapreased  in  the  group  irradiated  one  day  before 
Infection. 

I 

5.  500r  appears  to  interfere  with  the  Imnxinologica  1  responses,  whereas 
200r  did  not  significantly  alter  these  mechanisms. 

6.  Irradiati:n  prior  to  infection  interferes  with  or  alters  the  suscep¬ 
tibility  of  the  mouse  to  infection.  j 

I 

7.  The  observed  effects  are  possibly  due  to  an  altered  cspscity  of  irradi¬ 
ated  cells  to  support  virus  replication  and/or  inmuno  logical  response  to  in¬ 
fection. 

8.  By  fluorescent  antibody  techniquesfcf luorescent  particles  are  found  in. 
brain,  spleen  and  liver  of  the  VEE  infectea  pre-  cr  post-irradiated  mice.  j 

Publications: 

None. 

Presentation: 


Presented  on  AFEB  Commission  on  Irradiation  and  Infection,  WRAIR,  1  May  1964. 


FIGURE  2.  BRAIN  OF  A  PRE-IRRADIATED  VEE  INFECTED 
MOUSE  SHOWING  FLUORESCENT  PARTICLES 
WITH  FLUORESCENT  ANTIBODY  TECHNIQUE. 
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To  investigate  the  modifications  of  infectious  diseases  by  x-i  ’  irradiation. 

To  study  the  immunological  responses  and  its  possible  impairment  v>hen 
Irradiation  is  combined  with  infection. 

Progress: 


From  a  histopathologic  evaluation  of  the  mouse  organs  in  the  present  study 
and  earlier  reports,  and  a  comparative  study  in  guinea  pigs  (J  Inf  Pis  109:  62, 
1961),  it  appears  that:  (a)  the  effects  of  irradiation  and  '{EZ  infection  are 
comparable,  (b)  VEE  virus  and  x-rays  exert  a  selective  effect?"upon  the  lymph¬ 
atic  organs  and  bone  marrow,  «ud  (c)  both  injure,  incapacitate  or  destroy  the 
lymphoid  and  hematopoietic  cells. 

a* 

In  each  experimental  group  of  the  initial  experiments  described  in  the 
Section  I  of  this  report,  3  or  more  mice  were  randomly  selected  for  histo¬ 
pathologic  evaluation.  All  animals  were  autopsied  and  representative  sections 
of  brain  and  visceral  organs  were  fixed  in  107.  formalin,  embedded  in  paraffin 
and  stained  with  H  &  E  for  routine  examination.  In  addition,  specific  stains 
such  as  PAS,  trichrome,  and  luxol  fast  blue  in  combination  with  crystal  violet 
were  employed  in  selected  sections. 

For  clarity  this  histopathologic  report  is  divided  in  3  parts:  (a) 
x- irradiation,  (b)  VEE  infection,  (c)  VEE  infection  and  x- irradiation  combined. 

X- irradiation  alone  showed  in  mice  the  classical  picture  of  acute  irradiation 
syndrome  characterized  by  hemorrhagic  diathesis  or  extensive  hemorrhage  in  the 
organs  and  partial  destruction  or  depletion  of  the  lymphoid  and  hematopoietic 
tissues  (Figures  2,  3  and  5). 


FIGURE  I.  A  AS'  BRAIN  IN  VEEHNFECTED  MICE:  MENINdOENCEPHAU* 
TIB  WITH  EXTENSIVE  PERIVASCULAR  CUFFING  a  DIFFUSE 


FIGURE  2  LYMPH  H00E3:  A'-  X-IRRADIATION:  DtPLtllUN  or  mt 
LYMPHOID  ELEMENTS  ft  DISORDER  IN  THE  ARCHITEC¬ 
TURAL  PATTERN. 

8:  VEE-INFECTION:  SIMILAR  TO  V  3HOWINO  LYMPHOID 
DEPLETION  8  ARCHITECTURAL  DISORDER. 

&  VE E-IRRADIATION:  GREATER  DEGREE  OF  DEPLETION 
fi  MASSIVE  LYMPHOID  DESTRUCTION  ASSOCIATED  WITH 
DIFFUSE  NECROSIS. 


'JjtX:.  -  -V-  ■  ■;rK£*Mc\>. 


m. 


r'  — 


FIGURE  3.  SPLEEN:  A:  X-!RRADIATIC«:  LYMPHOID  DEPLETION  a 
ARCHITECTURAL  DISORDER. 

fi:  VEEf  X-IRRAOIATION:  GREATER  DEGREE  OF 
LYMPHOID  0SPLI7iCW  WITH  DIFFUSE  FICR08IS  a 
HEMORRHAGE 


FIGURE  4.  LIVER:  FOCAL  HEPATITIS  IN  A  PRE- IRRADIATED  VEE- 
INFECTED  MOU8E. 


iftumirW 
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FIBURE  9.  BONE  MARROW:  A:  X- IRRADIATION:  DEPLETION  OP  THE 
HEMATOPOIETIC  ELEMENTS. 


*  VEE  INFECTION:  DEPLETION  OF  THE  HEMATOPOIETIC 
ELEMENTS  A  FOCAL  NECROSIS. 


C:  VEE* IRRADIATION:  MARKED  DEPLETION  A  DI80R- 
9ANIZATION  OF  THE  HEMATOPOIETIC  ELEMENTS  WITH 
DIFFUSE  NECROSIS. 


j  i  in i. 
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VEE  Infection  created  in  mice  a  mixed  syndrome  (visceral  and  cerebral) 
due  to  its  pantropic  nature.  Visceral  changes  were  similar  to  irradiation 
damage,  i^.e.  ,  depletion  and  partial  destruction  of  the  lymphoid  and  hemato¬ 
poietic  organs  with  focal  hemorrhages  and/or  necroais  (Figures  2-5).  Brain 
was  invariably  affected  shewing  mild  to  marked  meningoencephalitis  with  peri¬ 
vascular  cuffing  and  focal  or  diffuse  gliosis  (Figure  1). 

Thymus  was  depleted  or  partially  destroyed.  This  was  in  contrast  with 
guinea  pig  thymus  which  resisted  VEE  infection  while  it  waa  depleted  by 
irradiation. 

VEE  infection  combined  with  Irradiation,  whether  simultaneous  or  separate, 
extensively  destroyed  the  lymphoid  and  hematopoietic  organs  (Figures  2-5). 
There  was  no  significant  difference  between  pre-  or  postirvadiated  infection. 
Widespread  necrotizing  hemorrhagic  lesions  were  observed  in  most  instances 
which  destroyed  sensitive  organs  including  thymus.  In  some  animals,  however, 
a  generalised  hemorrhagic  diathesis  dominated  the  picture. 

Although  thyrais  was  maximally  destroyed  by  this  combination,  brain  was 
much  less  if  at  all  damaged.  There  appeared  to  be  a  predilection  for  the 
visceral  organs  with  exclusion  of  an  effect  on  the  CNS.  Irradiation  seemed 
to  disorganize  the  pantropism  of  VEE  virus  by  inhibiting  its  so-called 
neurotropism.  This  finding  suggests  a  possible  block  of  immunological 
responses  by  irradiation  end  supports  the  data  presented  by  Berge  e_t  al. 

(J  Inmunol  87:509,  1961)  in  modification  of  CNS  response  to  VEE  by  immune 
serum.  These  authors  attributed  the  histologic  variation  of  CNS  to  inter¬ 
action  between  VEE  viral  antigen  and  antibody.  Our  finding  also  confirms 
the  data  presented  in  Section  I  of  this  report  and  those  reported  in  the 
literature  relative  to  the  interference  of  Irradiation  on  immunological 
responaes. 

Sunmary  and  Conclusions: 

1.  Aa  reported  previously  in  guinea  pigs,  the  comparable  detrimental 
effect  of  VEE  infection  and  irradiation  on  lymphoid  and  hematopoietic  organs 
in  mice  is  confirmed. 

2.  Both  viscerotropism  and  neurotropism  are  present  in  VEE- infected 
nonirradiated  animals.  This  confirms  the  pantropism  of  VEZ  virus. 

3.  Irradiation  appears  to  inhibit  the  neurotropism  of  VEE  virus,  possibly 
by  blocking  the  immunological  responses. 

4.  Irradiation  combined  with  VEE  creates  a  widespread  necrotizing 
hemorrhagic  lesion  in  some  animals  and  hemorrhagic  diathesis  in  others. 

5.  In  contrast  with  guinea  pigs  thymus  is  affected  in  VEE-infected  mice. 
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Progress : 

No  additional  studies  have  been  performed  during  the  reporting  period. 
One  further  study  is  planned,  however/ for  Hay  1964.  The  previous  data  are 
beir.g  summarized  and  a  manuscript  is  in  preparation. 

Summary: 

No  additional  studies  have  been  performed  during  the  reporting  period. 
Okie  further  study  is  planned,  however,  for  Hay  1964,  The  previous  data  are 
being  summarized  and  a  manuscript  is  in  preparation. 
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Groups  of  young  guinea  pigs  were  infected  with  Venesuelan  equine  encephalo¬ 
myelitis  virus  (both  Trinidad  and  attenuated  strains) ,  tularemia  or  anthrax 
organisms  and  serially  sacrificed.  By  a  series  of  specific  stains,  histo¬ 
chemistry  of  liver  cells  was  investigated  in  these  animals.  In  the  sections 
stained  with  Pyronin  G  or  tetrazo  method  for  protein,  many  liver  cells  in  the 
infected  animals  were  pyroninophilic  and  contained  fat  particles  as  early 
is  day  1  poatinfection.  Controls  did  not  show  any  significant  modifications. 

Histochemistry  of  liver  cells  in  virus-  and  bacteria- infected  guinea  pigs 
showed  that  the  degenerative  changes  were  associated  with  the  variations  of 
lipid  and  protein  content  of  the  hepatic  cells. 
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Description: 

T  atudy  the  pathogenesia  in  guinea  pigs  of  infection  with  Bacillus 
anthracia. 

Progress: 

When  hepatic  cells  are  injured  by  Infectious  processes  a  series  of 
important  histophysiopathologic  changes  occur  in  liver,  some  of  which  are 
demonstrable  with  the  microscope. 

It  was  important  to  establish  if  these  changes  are  purely  degenerative 
or  associated  with  the  variations  of  lipid  and  protein  content  of  the  hepatic 
cells. 

The  previous  study  (FY  1963  Annual  Report)  dealt  with  degenerative 
processes  and  disturbance,  of  fat  metabolism  in  bacterial  infections. 

In  this  report  the  emphasis  is  placed  upon  the  histochemistry  of  liver 
cells  in  virus-  and  bacterla-infected  guinea  pigs 

Employing  materials  and  methods  previously  described,  180  young  guinea 
pigs,  Hartley  strain,  weighing  400  gm  on  the  average,  were  exposed  to  various 
Infectious  agents.  Table  I  shows  the  distribution,  done  and  nature  of 
infectious  agents  and  routes  of  administration. 

in 

Two  to  4  animela  from  each  group  were  sacrificed  daily  for  5  days,  and 
representative  sections  of  each  group  were  fixed  for  histopathologic  evaluation. 
Both  frozen  and  paraffin-embedded  sections  were  prepared  from  fcrmalin-fixed 
liver  aectior'-.  Hematoxylin  and  EoBin  (H  4  E)  stain  was  used  for  routine 
histologic  evaluation.  The  following  stains  were  used  for  specific  purposes: 
Periodic  Acid  Schiff  with  and  without  diastase  digestion,  Pyronin  G,  tetrazo 
method  for  protein,  Brown  and  Brenn  for  bacteria,  Oil  red  0  and  Sudan  black 
B  for  lipids. 

liver  plays  a  predominant  role  in  carbohydrate  metabolism,  as  well  as 
a  central  role  in  the  metabolism  of  neutral  fats,  phospholipids  and  choles¬ 
terol.  In  the  present  study  by  histoche- ’cal  reactions,  the  morphological 


. . ;  ,r  .;r  f  •  i'v : M.-y  fr’Vv'-'iijr-* 


variations  of  protein,  phospholipids  and  neutral  fats  were  investigated 


Varying  degrees  of  damage  to  hepatic  cells  were  observed  in  all  experi¬ 
mental  groups  during  the  S  days  of  the  study.  In  addition,  the  variations 
of  protein  and  phospholipids  in  hepatic  cells  and  disturbance  of  fat  metabolism 
engendered  by  Infectious  diseases  were  present  in  both  virus-  and  bactcria- 
lnfected  groups. 

In  the  sections  stained  with  Pyronin  G  or  tetrazo  method,  tuny  liver  cells 
in  the  infected  animals  were  pyronlnophilic  and  contained  fat  particles  as 
early  as  day  one. 

Histochemistry  of  liver  cells  in  virus-  and  bacteria-lnfected  guinea 
pigs  showed  that  the  degenerative  changes  are  closely  associated  with  the 
variations  of  protein  and  lipid  content  of  the  hepatic  cells. 

TABLE  I.  DISTRIBUTION  OF  GUINEA  PIGS,  INFECTIOUS  AGENT"  AND  ROUTES  OF 
INOCULATION  (30  ANIMALS  PER  GROUP) . 


GROUP 

INFECTIOUS 

AGENTS 

DOSE 

ROUTE  OF 
ADMINISTRATION 

Gen.  Name 

Strain 

I 

a/ 

VEE 

Trinidad 

io3gpipid50 

Intra peritoneal 

II 

VEE 

Attenuated 

(TC-82) 

io3gpipid50 

Intraperitoneal 

III 

B.  anthracis 

Vlb-189 

5  x  103  spores 

Subcutaneous 

IV 

B.  anthracis 

Vlb-189 

5  x  10^  spores 

Respiratory 

V 

P.  tularensis 

SCHU-S4 

20  cells 

Subcutaneous 

VI 

None 

None 

None 

None 

a.  Venezuelan  equine  encephalomyelitis  virus. 

Summary: 

Guinea  pigs  were  infected  with  Venezuelan  equine  encephalomyelitis  virus, 
B.  anthracis  spores  or  P.  tularensis  bacilli  and  serially  sacrificed. 

Specific  stains  such  as  Pyronin  G  or  tetrazo  method  for  protein  showed 
that  many  liver  cells  in  the  infected  animals  were  pyroninophilic  and  con¬ 
tained  fat  particles. 


ANNUAL  PROGRESS  REPORT 


Project  No.  1C622401A096 
Task  No.  1C622401A096-01 
Study  No.  -20-02 

Reporting  Installation: 

Division: 

Period  Covered  by  Report: 
Professional  Author: 
Reports  Control  Symbol: 
Security  Classification: 


Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Vulnerability  of  Man  to  biological  Warfare 

The  Effect  of  Egg  Yolk  and  Various  Phcsphatides 
Upon  the  Susceptibility  of  the  Rat  to  Anthrax 

U.  S.  Army  Medical  Unit 
Fort  Detrick,  Maryland 

Medical 

1  July  1963  to  30  June  1964 
William  D.  Sawyer,  Major,  MC 
RCS-MEDDH-288 
unclassified 


ABSTRACT 


Project  No.  1C622401A096;  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1C622401A096-01 :  Vulnerability  of  Man  to  Biological  Warfare 

Study  No.  -20*02:  The  Effect  of  Egg  Yolk  and  Various  Phosphatides 

Upon  the  Susceptibility  of  the  Rat  to  Anthrax 

Reporting  Installation:  U.S,  Army  Medical  Unit 

Fort  Detrick,  Maryland 

Division:  Medical  1 

Period  Covered  by  Report:  1  July  1963  to  30  June  1964  , 

j  .  I 

Professional  Author:  Williaai  D.  Sawyer,  Major,  MC  *  j!' I1 

Reports  Control  Symbol:  RCS-MEDDH-288 

Security  Classification:  UNCLASSIFIED 

No  additional  studies  have  been  performed  during  the  reporting  period 
and  none  are  planned  for  the  immediate  future.  A  manuscript  is  in  preparation. 


BODY  OF  REPORT 


Project  No,  1C622401A096:  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No,  1C622401A096-01 :  Vulnerability  of  Man  to  Biological  Warfare 

Study  No.  -20-02:  The  Effect  of  Egg  Yolk  and  Various  Phosphatides 

Upon  the  Susceptibility  of  the  Rat  to  Anthrax 

Description: 

To  study  the  effect  of  egg  yolk  and  phospholipids  as  suspending  menstrua 
for  spores  on  the  susceptibility  c,J  rats  to  B,  anthracis  infection. 

Progress: 
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Publications: 


ANNUAL  PROGRESS  REPORT 


Project  No.  1C622401A096: 
Task  No.  1C622401A096 -0 1 : 
Study  No.  -20-03: 

Reporting  Installation: 

Division: 

Period  Covered  by  Report: 
Professional  Author: 
Reports  Control  Symbol: 
Security  Classification: 


Medical  Defense  Aspects  of  Biological  Warft.e  (U) 

Vulnerability  of  Man  to  Biological  Warfare 

Ttie  Effect  of  Protein  Deficiency  Upon  the 
Susceptibility  of  the  Rat  to  Anthrax 

U.S.  Army  Medical  Unit 
Fort  Datrick,  Maryland 

Physical  Sciences  Division 

1  July  1963  to  30  June  1964 

Irving  Gray,  Colonel,  MSC 

RCS-MEDDH-288 

UNCLASSIFIED 


54 


ABSTRACT 


Project  No.  1C622401A096:  Medical  Defense  Aspects  of  Biological  Warfare  (U) 
Task  No.  1C622401A096-01:  Vulnerability  of  Man  to  Biological  Warfare 


Study  No. 


-20-03:  The  Effect  of  Protein  Deficiency  Upon  the 
Susceptibility  of  the  Rat  to  Anthrax 


Reporting  Installation:  U.S.  Army  Medical  Unit 

Fort  Detrick,  Maryland 


Division: 


Physical  Sciences  Division 


Period  Covered  by  Report:  1  July  1963  to  30  June  1964 


Professional  Author: 


Irving  Gray,  Colonel,  MSC 


Reports  Control  Symbol:  RCS-M5DDH-28S 


Security  Classification:  UNCLASSIFIED 

Because  of  the  transfer  of  personnel  to  higher  priority  projects  and  out 
of  this  unit ,  no  further  work  was  carried  out  during  this  fiscal  yeer. 


Project  No.  1C622401A096 
Task  No.  1C62240 1A096-01 


Study  No. 


Description: 


-20-03 


BODY  OF  REPORT 


Medical  Defense  Aspects  of  Biological  Warfare  ("J) 

Vulnerability  of  Man  to  Biological  Warfare 

The  Effect  of  Protein  Deficiency  Upon  the 
Susceptibility  of  the  Rat  to  Anthrax 


To  demonstrate  the  effect  of  specific  amino  acid  deficiency  on  the 
resistance  of  the  rat  to  Bacillus  anthracls  infection. 

Progress: 

Because  of  the  transfer  of  personnel  to  higher  priority  projects  and 
out  of  this  unit,  no  further  work  was  carried  out  during  this  fiscal  year. 
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1.  Gray,  I.:  "The  Effect  of  Protein  Nutrition  on  Leukocyte  Mobili¬ 
sation,"  Proc  Soc  Exp  Biol  Med;  accepted  for  publication  1964. 
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The  objective  of  characterizing  the  biologically  active  metabolites  of 
Bacillus  anthracis  requires  that  metabolites  retain  activity  during  any 
necessary  concentration  procedures.  Concentration  by  ultrafiltration  has 
proven  to  be  most  satisfactory.  It  allows  virtually  complete  recovery  of 
toxic  activity  simultaneous  with  removal  of  extraneous  material  that  vould 
interfere  with  analytic  c  nervation  in  the0ultracentri£uge.  Four  sedimenting 
components  are  regularly  observed  with  S  y  of  about  2.5e.  5s,  14s,  and  19s. 

The  2.5s  and  5s  components  are  generally  present  in  high  and  equal  amounts. 

The  faster  pair  are  present  in  appreciable  amounts  on'y  in  very  concentrated 
preparations  and  appear  to  be  aggregates.  The  2.5s  component,  never  previously 
described,  may  be  the  primary  toxic  material. 
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To  characterise  those  macromolecules  derived  from  Bacillus  anthracia 
which  have  biological  activity,  such  as  those  with  lethal  actioh  or  those 
which  induce  edema  production,  and  to  study  such  physical  fretures  of  the 
organism  which  may  have  a  bearing  on  the  pathogeneais  of  the  organism. 


Progress: 


In  the  1963  report  preliminary  results  were  described  concerning  the 
effort  to  isolate  and  characterize  anthrax  toxin  by  methods  which  would 
minimise  creation  of  artifacts.  Work  by  others  (Stanley  U  Smith:  J  Gen 
Microbiol  26:  49,  1961  and  Smith  &  Stanley:  J  Gen  Microbiol  25:  517, 


1962)  had  indicated  that  the  toxin  consisted  of  3  components,  demonstrable 


after  glass  filtration  of  culture  fluids.  A  "factor  I,”  eluted  from  the 
filter  by  0.3M,  pH  9.7  bicarbonate  buffer,  had  a  high  titer  of  guinea 
pig  skin  edema  activity  when  recombined  with  filtrate  which  contained 
"factor  II,"  or  protective  antigen.  A  "factor  III,"  which  could  be 
found  both  in  the  filtrate  and  eluted  from  the  filter  was  lethal  for 
mice  when  recombined  with  factor  II.  The  yields  of  factors  I  and  III 
were  extremely  low  and  it  seemed  possible  that  glasr.  filtration  might 
have  altered  and  destroyed  much  of  the  toxin. 


The  attempts  to  concentrate  the  toxin  by  dialysis  against  carbowax 
or  to  lyophilise  it  have  been  described.  Activity  of  the  lyophilised 
toxins  was  too  low  to  be  useful.  The  activity  of  carbowaxed  toxin  was 
high  but  small  molecular  weight  components  of  the  carbowax  diffused 
through  the  dialysis  tubing  making  the  toxin  preparations  viscous  and 
prevented  optical  observation  of  slowly  sedimenting  material.  However, 
with  a  separation  cell,  it  was  found  tl  t  the  toxic  activity  sedimented 
no  faster  than  the  protective  antigen  com  onent,  whereas  factors  I  and 
III  are  reported  to  sediment  much  faster. 


Since  the  carbowax  experiments  showed  that  the  toxin  could  be  re¬ 
tained  by  dialysis  tubing,  ultrafiltration  was  employed  to  concentrate 
the  toxin.  All  the  data  reported  below  are  for  toxin  concentrated  by 
ultrafiltration.  The  ultrafiltration  technique,  introduced  by  H. 
Tresselt,  has  been  worked  out  in  detail  by  A.  Gaspar  (Bacteriology 
Division,  USAMU)  and  will  be  reported  elsewhere  in  this  Annual  Report. 
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The  first  preparations  were  concentrated  almost  to  dryness,  with  volume 
decreased  2000-  to  7000-fold.  The  appearance  of  all  the  preparations  in 
the  analytical  ultracentrifuge  was  qualitatively  alike  but  varied  quanti¬ 
tatively.  Four  sharply  defined  components,  varying  in  amount,  were  always 
visible  optically,  with  sedimentation  constants,  S  y  ,  of  about  2.5s,  5.0s, 
14.0s,  and  19.0s.  The  2  fastest  components  probably  correspond  to  factors 
I  and  III  and  the  5.0s  to  protective  antigen.  The  2.5a  component  has  not 
been  reported  before.  Lately  preparations  have  been  concentrated  only 
200-  to  800-fold  and  back-washed  from  the  tubing  walls  by  allowing  the 
tubing  to  soak  in  buffer  solution  prior  to  harvest.  Much  higher  and  more 
consistent  yields  of  toxic  activity  (at  least  507.  of  theoretical)  have 
resulted  and  the  sedimentation  patterns  have  been  quantitatively  reproducible. 
With  this  material,  the  2  slowest  components  occur  in  substantial  and  about 
equal  amounts  and  the  2  fast  components  occur  in  amounts  only  barely  visible 
optically.  Therefore,  it  seems  likely  that  the  14s  and  19s  components  are 
aggregates  of  the  2  slower  components.  So  far  all  preparations  having 
high  concentrations  of  19s  have  had  low  concentrations  of  5s,  suggesting 
that  19s  may  be  an  aggregate  of  protective  antigen.  However,  these  relation¬ 
ships  may  have  been  fortuitous  since  material  had  been  lost  by  adsorption 
on  the  dialysis  tubing.  If  the  14s  and  19s  components  arise  from  aggregations 
of  the  2.5s  and  5s  components,  they  must  either  contain  about  13  and  8  sub¬ 
units  respectively*,  or  the  sub-units  must  be  folded  more  compactly  in  the 
aggregate.  Folding  seems  the  more  plausible  hypothesis,  since  intermediate 
size  aggregates  have  never  been  observed.  Also  as  indicated  below,  toxic 
activity  surviving  glass  filtration  is  probably  in  an  aggregated  form. 

. Sedimentation  data  obtained  with  a  separation  cell  (Yphantis  & Waugh:  J 
Phya  Chem  60:  623  and  630,  1956)  is  given  in  Table  I.  It  can  be  seen  that 
in  the  absence  of  appreciable  amounts  of  the  14s  and  19s  components,  toxic 
activity  migrates  at  a  rate  most  similar  to  the  2.5s  component.  The  data 
also  indi-rtes  clearly  that  the  14s  component  carries  toxic  activity.  It 
Is,  however,  less  clear  whether  the  19s  component  is  toxic. 


★For  spheres  S/S  "  — >  2/3  where  M  is  the  molecular  weight  of  the  sub-units 

in  the  aggregate. 
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Cone,  x  crude  LEFT— 
toxin  by  vol.  Q2  i  ^5.0 


^QTIVITY 

Time  to  death  (Fischer  rats) 
I  Control  Centrifuged 


ESTIMATED 

CONCENTRATIONS/ 


a 

2 00 OX 

0.88 

0.77 
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I 

84(10X) 

vh 

vh 

vl 

1 

b 

2000X 
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0.74 

1  57 

97 

h 

h 

m 

1 

b 

glass  filt. 
100X 

0.83 
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52 (10X) 

i 
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- 

- 

- 

- 

c 

7000X 

Sephadex 
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c.  Based  on  areas  under  schlieren  curves  from  photographs  taken  during  the 
separation  cell  centrifugation. 
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The  question  remains  whether  both  slow  components  are  required  for  toxic 
action.  Two  components  are  required  for  toxic  action  in  mice  for  prepara¬ 
tions  fractionated  hy  glass  filtration.  However,  suggestive  evidence  of 
damage  to  the  2.5s  component  has  been  obtained  using  preparations  of  glass 
filtered  crude  toxin.  In  the  "iltrates,  concentrated  by  ammonium  sulfate  pre¬ 
cipitation,  the  originally  sharp  2.5s  boundary  became  diffuse  with  much 
material  sedimenting  very  slowly.  By  contrast  the  5s  boundary  remained 
sharp.  In  a  pH  9.7  sodium  bicarbonate  extract  of  the  filter  a  similarly 
diffuse  2.5s  component  was  found.  It  is  intended  to  seek  means  other 
than  glass  filtration  for  separating  the  2.5s  and  5.0s  components. 

Possibly  they  can  be  isolated  by  density  gradient  centrifugation. 

Summary  and  Conclusions: 

Highly  active  preparations  concentrated  by  ultrafiltration  contain  4 
sedimenting  components  with  S^$‘of  about  2.5s,  5a,  14s,  and  19s.  The 
14s  and  19s  components  appear  to  be  aggregates,  possibly  of  the  2.5s  and 
5s  components  respectively.  The  2.5s  and  5s  components  are  present  in 
high  and  equal  concentrations.  The  5s  component  is  probably  the  well 
known  protective  antigen.  The  2.5s  component  has  not  been  described  before. 
Earlier  procedures  for  producing  the  nontoxic  fraction,  protective  antigen, 
regularly  had  a  glass  filtration  step  which  may  damage  the  2.5s  component. 
Results  with  a  separation  cell  so  far  suggest  that  the  2.5s  component  may 
be  the  true  toxin  but  unambiguous  conclusions  about  the  roles  of  the  2.5s 
and  5s  components  must  await  their  isolation. 
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The  effects  of  in  vivo  Venezuelan  equine  encephalomyelitis  virus  infection 
upon  in  vitro  protein  synthesis  by  host  cell  fractions  has  been  studied.  An 
improved  system  for  this  study  of  in  vitro  protein  biosynthesis  has  been 
developed  utilizing  the  ability  of  microsome  and  enzyme  cell  fractions  to 
incorporate  L-Leucine-C14  into  protein  as  a  measure  of  the  host  cell’s 
ability  to  synthesize  protein.  No  clear  difference  in  in  vitro  protein 
biosynthesis  is  observed  between  infected  and  uninfected  mouse  brain 
microsome  and  enzyme  preparations . 
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Description: 

To  demonstrate  the  effect  of  Venezuelan  equine  encephalomyelitis 
virus  upon  host  cell  protein  synthesis. 

Progress : 

Brain  and  liver  tissues  from  uninfected  mice  and  those  infected  with 
Venezuelan  equine  encephalumyelitls  (VEE)  have  been  homogenized,  and 
cell  microsomes  and  soluble  RNA  and  enzymes  have  been  obtained  by  the 
use  of  preparative  ultracentrifugation.  An  in  vitro  cell-free  incubation 
system  has  been  made  containing  an  ATP  regenerating  system,  GTP,  MgClg*  an 
amino  acid  mixture  containing  18  amino  acids  but  excluding  L-Leucine, 
L-Leucine-C14 ,  and  enzymes  precipltable  at  pH  5.2.  The  Mg  concentration 
in  the  media  used  during  the  harvesting  and  storage  of  the  cell  microsome 
and  enzyme  fractions  has  been  showa  to  be  very  important  in  the  ability  of 
these  fractions  to  effect  in  vitro  protein  biosynthesis.  The  requirements 
for  optimal  L-Leucine -C 14  incorporation  into  protein  synthesized  with 
mouse  brain  microsomes  are  remarkably  similar  to  those  previously  shown  by 
other  workers  with  liver  microsomes. 

Preliminary  work  in  this  laboratory  (Gray  and  French)  indicated  that 
a  marked  increase  in  in  vitro  protein  synthesis  occurs  in  Drain  micro- 
somes  obtained  from  mice  sacrificed  2  to  3  days  subsequent  to  infection 
with  VEE.  Results  obtained  in  the  same  manner,  but  using  the  Improved 
incorporation  system  and  carefully  controlled  Mg  ion  concentrations, 
have  shown  that  no  significant  change  in  L-Leucine-C14  incorporation 
into  protein  occurs  in  brain  microsomes  during  the  course  of  VEE  virus 
infection  when  compared  to  controls.  High  virus  titers  consistently 
have  been  shown  to  be  present  in  the  tissues  studied.  Further  work  is 
being  done  using  infected  mouse  liver  microsomes  to  study  the  effects 
of  VEE  virus  infection  upon  protein  synthesis. 

Current  efforts  are  being  directed  toward  relating  the  results  ob¬ 
tained  through  L-Leuclne-C14  incorporation  studies  with  the  physical 
characteristics  of  the  microsomes.  This  work  is  being  done  in 
conjunction  with  Dr.  Anne  Buzzell.  Sodium  deoxycholate  conversion  of 
brain  and  liver  microsomes  has  led  to  the  isolation  of  ribosomes 
(ribonucleoprotein)  which  have  been  shown  to  exhibit  in  vitro  protein 
synthesis.  Preliminary  sucrose  density  gradient  ultracentrifugation 


work  has  shown  that  the  ribosomes  obtained  can  be  separated  into  fractions  of 
different  molecular  weights.  Physical  changes  in  ribosomal  appearance  in  VEE 
virus  infection  will  be  correlated  with  the  protein  synthetic  ability  of  the 
microsomes  from  which  they  were  derived.  Electron  microscopic  studies  of  the 
isolated  ribosomal  material  ha*,  been  done.  Attempts  to  relate  VEE  virus 
titers  to  the  distribution  of  the  virus  in  the  mouse  liver  are  being  carried 
out  by  electron  microscopic  techniques. 

Summary  and  Conclusions: 

Improved  in  vitro  cell-free  protein  synthesizing  systems  have  been  pre¬ 
pared  from  both  mouse  brain  and  liver  tissues.  These  systems  have  been 
used  to  study  the  effect  of  VEE  virus  infection  upon  protein  biosynthesis. 
Cell  microsome  and  enzyme  fractions  from  both  infected  and  uninfected  mouse 
brain  have  shown  no  clear  differences  in  in  vitro  biosynthesis.  Biophysical 
studies  have  been  initiated  to  study  the  effects  of  VEE  virus  infection 
upon  cell  ribosomal  material  and  to  demonstrate  the  distribution  of  VEE 
virus  in  liver  tissue. 
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In  order  to  determine  if  physical  or  chemical  properties  of  the  at¬ 
tenuated  strain  of  Venezuelan  equine  encephalomyelitis  virus  may  be  related 
to  its  decreased  virulence,  concentrated  and  highly  purified  stocks  of 
virus  must  first  be  prepared.  Initial  experiments  indicated  that  ultra- 
centrifugation  techniques  were  potentially  useful  in  concentrating  the 
virus.  Subsequently,  experiments  indicated  that  tissue  debris,  present 
in  considerable  quantity  in  guinea  pig  heart  cell  tissue  culture  fluids, 
interfered  seriously  with  the  concentration  procedure  used.  Effort  has 
also  been  focused  on  developing  a  rapid  and  sensitive  assay  for  the 
virus  particles.  In  this  assay,  viral  particles  are  first  concentrated 
by  centrifugation  or  millipore  filtration  and  then  transferred  to  an 
electron  microscope  grid  for  counting.  The  early  version  of  the  method, 
reported  in  1963,  has  been  substantially  modified  making  it  c-.sier,  more 
reliable,  and  potentially  much  more  sensitive.  The  possibility  of  its 
use  for  early  diagnosis  is  now  being  investigated. 
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Description: 

To  characterise  the  virus  of  Veneauelan  equine  encephalomyelitis  in 
terms  of  its  »i*e,  shape  and  chemical  constitution.  Further,  with  the 
techniques  and  equipment  available,  to  demonstrate  physical  or  chemical 
properties  associated  with  the  change  in  virulence  of  the  Trinidad 
strain  to  the  attenuated  strain. 

Progress: 


In  the  1963  report  the  difficulties  encountered  in  concentrating  and 
purifying  the  attenuated  strain  of  Veneauelan  equine  encephalomyelitis 
were  described  in  detail.  The  two  ptincipel  difficulties  were  that  the 
virus  appears  to  be  unstable  even  at  4C  and  the  virus  which  is  grown  in 
guines  pig  heart  cell  tissue  cultures  Is  heavily  contaminated  with 
tissue  debris.  To  hasten  the  process  of  evolving  a  purification  pro¬ 
cedure,  a  rapid  assay  method  was  needed.  An  early  version  of  such  an 
assay  method  was  also  described  in  the  1963  report.  Subsequently, 
the  method  has  been  considerably  simplified  and  the  quantitative 
reliability  has  been  substantially  improved.  Means  of  extending  the 
technique  to  such  dilute  viral  suspensions  as  sera  of  infected  indivi¬ 
duals  are  being  explored  with  c  view  to  use  of  the  technique  for  early 
diagnosis. 

The  assay  is  based  on  the  method  of  Sharp  (Proc  Soc  Exp  Biol  Med  70: 

54,  1949)  xn  which  viral  particles  were  centrifuged  onto  a  block  of  agar, 
stripped  from  the  agar  by  a  collodion  film,  and  then  placed  on  an  electron 
microscope  grid  for  counting.  The  film  was  formed  by  letting  a  drop  of 
collodion  run  over  the  agar  which  was  then  floated  from  the  agar,  virus-side 
dr  into  distilled  water.  This  procedure  was  found  to  be  tedious  and 
unreliable,  foi  the  smell  pieces  of  film  were  often  lost. 

The  electron  microscope  assay  method  in  its  present  form  contains 
numeroua  improvements.  A  formvar  film  is  now  made  by  the  widely  used 
procedure  of  dipping  a  microscope  slide  into  a  formvar  solution.  When 
dry,  the  film  is  broken  around  the  edge  and  floated  off  or.  water.  A 
piece  of  "siran  wrap,"  perforated  by  a  hole  slightly  larger  than  an 
electron  microscope  grid,  is  stretched  taut  over  a  frame  (described  in 
the  1963  report)  and  touched  down  on  the  formvar  film.  This  adheres 
to  the  saran  and  covers  the  hole.  An  agar  block  bearing  virus  particles 
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Is  pressed  against  the  film  through  the  hole.  The  frame  is  inverted  and  the 
agar  drops  off  after  a  corner  is  loosened  with  a  scalpel.  The  frame  is  then 
low.-red  over  an  electron  microscope  grid  resting  on  saran  wrap  so  that  the 
formvar  film  is  stretched  over  the  grid  and  adheres  to  It.  It  was  initially 
thought  the  formvar  film  might  not  make  uniform  contact  with  the  agar  and  so 
miss  some  virus  particles  unless  it  were  held  rigid  by  a  second  block  of 
agar  placed  underneath.  Hence,  the  films  were  ormerly  made  on  agar  by  the 
relatively  laborious  procedure  described  before.  It  later  became  apparent 
that  particles  were  unevenly  distributed  on  the  agar  because  of  its  surface 
heterogeneity.  Since  then  Difco  "Noble  agar"  has  been  substituted  for 
"Bacto-agar"  and  even  the  simplified  retrieval  procedure  described  yields 
uolform  particle  distribution  on  the  formvar. 


In  attempting  to  improve  methods  for  concentrating  viral  particles 
prior  to  counting,  it  is  evident  that  the  sensitivity  of  the  viral  assay 
would  be  increased  by  lengthening  the  column  of  infected  fluid  and  by  de¬ 
creasing  the  area  on  which  the  particles  sediment.  Column  length  is 
limited  if  particles  are  sedimented  in  the  centrifuge  but  not  if  particles 
are  deposited  by  filtration.  The  use  of  filtration  for  concentrating  viral 
particles  was  first  considered  after  it  was  discovered  by  Major  Thomas  J. 
Smith,  Medical  Division,  USAKU ,  that  virus  particles  would  adhere  to  agar 
which  was  pressed  against  a  millipore  filter. 

A  filtration  area  of  one  enr  (about  10  grid  areas)  is  the  smallest 
attainable  with  a  commercial  high  pressure  filtration  device.  Since  the 
field  of  a  micrograph  at  80DOX  magnification  is  4  x  1§~^  cm2 ,  10  ml  of  an 
infected  serum  with  10°  particles/ml  (about  lCr  to  10  Infectious  units) 
would  theoretically  yield  A  particle*  per  micrograph.  At  the  maximum  al¬ 
lowed  pre«*ure,  10  ml  water  takes  20  minutes  to  pass  through  a  10-20 
pore  size  filter  and  whole  serum  clogs  such  a  filter.  Therefore,  preliminary 
separation  of  the  virus  from  sera  will  probably  be  necessary  and  might  be 
accomplished  by  ultracentrifuging  the  virus  into  a  small  volume  of  sucrose 
solution  layered  below  the  serum.  A  filtration  device  with  a  much  smaller 
filter  area,  which  should  be  feasible,  would  reduce  the  volume  and 
infe.ctivity  level  of  serum  required  for  virus  detection.  Virus  identifi¬ 
cation  probably  cannot  be  done  solely  on  the  basis  of  morphology  and  may 
require  the  use  of  ferritin-labeled  specific  antisera. 


and  Conclusions: 


An  assay  method  has  been  devised  for  detecting  low  concentrations  of 
virus-like  particles  visible  in  the  electron  microscope.  The  particles 
are.  «,.-dimented  onto  agar  and  then  transferred  to  an  electron  microscope 
grid  by  stripping  them  from  the  agar  with  a  performed  formvar  film.  The 
particle  count  under  the  electron  microscope  gives  a  qunatitative  measure 
cf  particle  concentration  in  the  original  fluid.  An  earlier  version  of 
this  assay  method,  described  in  the  1963  report,  has  been  modified  to  make 
it  much  easier  and  more  reliable.  Furthermore,  it  has  been  found  possible 
r-  substitute  filtration  for  centrifugation  as  the  means  of  concentrating 
eh-  virus ,  since  virus  particles  tww  s«olly  be  stripped  from  a  millipore^ 
c jr face  by  an  agar  block.  Using  millipore  filtration,  it  should  be 


possible  to  increase  the  sensitivity  of  the  assay  method  manyfold.  There 
fore,  the  possibility  is  now  being  explored  of  adapting  the  procedure  for 
diagnostic  use  in  the  early  detection  of  vireraia. 

The  new  assay  will  also  expedite  the  search  for  a  better  procedure 
for  concentrating  attenuated  VEZ  virus  and  freeing  it  from  the  ceil 
debris  in  guinea  pig  heart  cell  tissue  culture  fluids. 
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The  electron  microscopic  investigation  initiated  in  1963  on  the  inter¬ 
action  of  VEE  virus  with  the  host  cell  is  continuing.  Ihe  emphasis  of  tne 
study  has  been  shifted  from  infected  brain  to  liver  to  allow  collaboration 
with  work  ’rcing  done  by  others  on  the  protein  synthetic  ability  of  normal 
vs.  infected  hepatic  cells. 

» 
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Study  No.  -40-03:  Biophysical  Studies  of  Venezuelan  Equine 

Encephalomyelitis 

Section  II.  Electron  Microscope  Study  of  the 

Infected  Mouse  Brain 

Description: 

To  characterize  the  virus  of  Venezuelan  equine  encephalomyelitis  in 
terms  of  its  size,  shape  and  chemical  constitution.  Further,  with  the 
techniques  and  equipment  available,  to  demonstrate  physical  or  chemical 
properties  associated  with  the  change  in  virulence  of  the  Trinidad 
strain  to  the  attenuated  strain. 

Progress: 

In  the  1963  report,  preliminary  experiments  were  reported  of  col¬ 
laboration  with  Lt.  Colonel  C.C.  Berdjis,  Pathology  Division,  USAMU, 
on  the  electron  microscope  study  of  infected  mouse  brain  infected 
with  Venezuelan  equine  encephalomyelitis  virus.  Because  of  the  absence 
of  Col.  Berdjis,  it  has  been  decided  to  shift  temporarily  the  emphasis 
of  the  study  to  virus  Interaction  with  another  host  cell  such  as  mouse 
liver.  This  will  have  the  advantage  of  correlation  with..*  study  by 
Colonel  Irving  Gray  and  Lt .  Jerry  R.  Mohrig,  Physical  Sciences  Division, 
USAMU,  on  the  effect  of  virus  on  the  protein  synthetic  ability  of 
microsomal  fractions  of  hepatic  cells.  The  importance  of  brain  damage 
in  infections  with  VEE  and  related  viruses  make  eventual  study  of  brain- 
virus  interaction  a  desirable  final  goal.  However,  studies  of  Gray  and 
Mohrig,  (Study  No.  01-40-02)  recorded  elsewhere  in  this  annual  report 
suggest  that  microsomal  preparations  obtained  from  normal  and  infected 
brain  show  no  clear  differences  in  protein  synthetic  ability.  It  is 
believed  that  failure  to  demonstrate  differences  may  be  due  to 
localization  of  the  virus  in  only  certain  types  of  brain  cell.  They 
are  therefore  planning  to  initiate  studies  of  protein  synthesis  by 
microsomes  using  liver  as  the  host  cell  system  which  may  have  a  more 
uniform  distribution  of  infectivity  since  it  has  less  diversity  of 
cell  types  than  brain.  Concurrent  with  the  electron  microscopic 
collaboration,  it  is  intended  to  collaborate  on  a  study  of  the  physical 
properties  of  the  microsomes  using  ultracentrifugation  techniques. 
Preliminary  separations  of  the  ribosomal  moieties  have  been  made  in 
sucrose  density  gradients  for  microsomal  preparations  from  uninfected 
cells . 
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Suronary  and  Conclusions: 

Electron  microscopic  examination  of  mouse  liver  infected  with  VEE  viru^ 
is  under  way  in  correlation  with  a  study  by  others  on  the  ability  .f  infected 
hepatic  cell  miciosomes  to  synth, sire  protein.  A  physical  study  of  the 
isolated  microsomes  using  centrifugation  techniques  has  also  been  initiated. 

Publications : 

None. 

Presentations: 

None. 
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lation  of  virus .  . 


i 


89 


BODY  OF  REPORT 

Project  No.  1C622401A096:  Medical  Defense  Aspects  of  Biological  Warfare  (U) 
Task  No.  1C622401A096-01:  Vulnerability  of  Man  to  Biological  Warfare 


Study  No. 


Description: 


-40-05:  Role  of  Antibody  in  the  Clinical  Manifestations 
of  Venezuelan  Equine  Encephalomyelitis  Infection 


To  investigate  the  possible  value  of  passive  antibody  in  the  treatment 
of  Venezuelan  equine  encephalomyelitis  virus  Infection. 

Progress: 

Initially  monkeys  were  employed  to  study  the  Influence  of  passive  anti¬ 
body  on  infection  with  Venezuelan  equine  encephalomyelitis  (VKE)  virus. 

To  determine  the  longevity  of  passively  administered  antibody  In  monkeys, 

3  rhesus  monkeys  were  inoculated  intravenously  with  homologous  TEE  immune 
serum  having  a  hemagglutinating-inhibitlng  (HAI)  titer  of  1:2560  and  a 
serum  neutralization  index  (SNI)  greater  than  7.2  logs.  The  volume  of 
serum  administered  was  based  on  the  animals'  weight,  i..e.,  2.0,  4.0,  or 
8.0  ml/kg.  Table  I  presents  antibody  titers  observed  in  theae  animals  on 
various  days  after  administration  of  serum. 

TABLE  I.  ANTIBODY  TITERS  IN  MONKEYS  FOLLOWING  ADMINISTRATION  OF  HOMOLOGOUS 

VEE  IMMUNE  SERUM 


MONKEY 

SERUM 

DAY 

AFTER 

INOCULATION 

:  OF 

SERUM 

HO. 

ml . 

TEST 

1 

7 

13 

20 

27 

34 

41 

E-36 

5.8 

HAlf^ 

SNI— 

40 

20 

<10 

<10 

sJ 

2.39 

1.04 

1.52 

1.24 

CC-15 

11.2 

HAI 

80 

40 

10 

<10 

SNI 

6.98 

2.85 

<1.63 

0.64 

CC-10 

21.6 

HAI 

160 

SO 

40 

40 

20 

10 

10 

SNI 

>7.64 

>7  .64 

4.89 

3.94 

2.64 

1.78 

1.14 

a.  HAI  -  Expressed  as  reciprocal  of  titer. 

b.  SNI  -  Serum  neutralization  index  expressed  as  log^o- 

c.  Blank  space  denotes  not  done. 
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Following  che  est£ blishment  of  the  normal  decay  curve  of  homologous  serum 
in  monkeys,  the  wotk  was  extended  to  examine  the  Influence  of  passive  antibody 
on  infection  with  7EE  virus  .  In  this  experiment  4  monkeys  were  each  inocu¬ 
lated  subcutaneously  with  approxi-ately  10^  mouse  intraperitoneal  median  lethal 
doses  (MIFLD50)  of  Trinidad  strain  virus.  At  intervals  of  4,  8,  and  24  hr 
following  inoculation  of  virus,  3  mi  of  homologous  VEE  immune  serum  per  kilo¬ 
gram  body  weight  was  administered  subcutaneously  to  one  of  the  animals.  The 
fourth  animal  served  as  the  virus  control.  The  HAT  titer  of  the  serum  was 
1:2560  and  the  SNI  was  7.0  logs^Q. 


Daily  heparinized  blood  samples  were  inoculated  into  mice  for  determination 
of  levels  of  viremia.  Results  of  these  assays  are  presented  in  Table  II. 

Serology  results  appear  in  Table  III. 

TABLE  II.  TITERS-^  OF  CIRCULATING  VIRUS  FOLLOWING  INOCULATION  OF  VIRUS  AND  SERUM 


MONKEY 

NO. 

TIME  SERUM 
ADMINISTERED 
AFTER  VIRUS 
INOCULATION 

LOGS10 

VIRUS 

RECOVERED  BY  DAY  AFTER  VIRUS  INOCULATION 

1 

2 

3 

4 

5 

6 

7 

N-22 

4  hr 

06/ 

C 

0 

0 

0 

0 

0 

N-41 

8  hr 

0 

0 

0 

0 

0 

0 

% 

N-13 

24  hr 

4 .0—/ 

0 

0 

0 

0 

0 

0 

M-46 

Virus  Control 

>3.0 

>4.0 

2.9 

0.2 

0 

0 

0 

A-19 

Scrum  Control 

0 

0 

0 

0 

0 

0 

0 

a.  Expressed  as  log^j  of  mouse  intraperitoneal  median  lethal  doses  (MIPLDjq)  per 
0.3  ml. 

b.  0  -  Virus  not  recovered  from  undiluted  blood. 

c.  This  sample  obtained  immediately  prior  to  inoculation  of  serum. 

From  the  data  in  Table  II  it  can  be  seen  the t  administration  of  immune  3erum 
at  4  and  8  hr  after  inoculation  of  virus  blocked  the  appearance  of  virus  in  the 
circulation.  Similarly  administration  of  se.-m  at  24  hr  resulted  in  electing  of 
the  viremia.  However,  the  results  of  serologic  tests  (Table  III)  show  that  the 
administration  of  serum  as  soon  as  4  hr  after  virus  inoculation  did  not  obliter¬ 
ate  the  Infection. 
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It  is  of  interest  that  the  rate  and  magnitude  of  antibody  response  in  this 
animal,  i-e,,  Monkey  N-22,  are  below  those  observed  in  animals  receiving  serum 
at  the  8-hr  and  24-hr  intervals.  It  is  also  noteworthy  that  the  increase  in 
antibody  in  this  animal  occurred  at  approximately  28  days;  a  time  when  the 
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TABLE  III .  ANTIBODY  TITERS  IN  MONKEYS  ADMINISTERED  IMiUNE  SER'JM  AT  INTERVALS 

AFTER  VEE  VIRUS 


TIME  SERUM 

ADMINISTERED  ANTIBODY  TITERS 


MONKEY 

NO. 

AFTER  VIRUS 
INOCULATION 

Dav 

after 

virus 

inoculation 

1 

5 

7 

14 

28 

44 

N-22 

4  hr 

HAli/ 

40 

20 

40 

80 

SNI—' 

3.0 

C/ 

4.4 

<1.6 

2.4 

6.5 

N-41 

8  hr 

HAI 

20 

20 

20 

1280 

2560 

SNI 

1.7 

2.5 

>6.5 

>6.5 

N-13 

24  hr 

HAI 

40^ 

40 

40 

320 

1280 

2560 

SNI 

3.1 

2.7 

>6.5 

>6.5 

M-46 

Virus  Control 

HAI 

<10 

10 

80 

1280 

5120 

No  Serum 

SNI 

<0.6 

1.35 

6.5 

A-19 

Serum  Control 

HAI 

20 

40 

20 

20 

<10 

<10 

No  Virus 

SNI 

1.5 

3.4 

1.6 

1.0 

a.  HAI  -  expressed  as  reciprocal  of  titer.  d.  This  sample  only  was  ob- 

b.  SNI  -  expressed  as  logjQ.  tained  24  hr  later  than 

c.  Blank  space  denotes  not  done.  others  in  the  same  category 

passive  HAI  antibody  in  the  serum  control  had  decreased  to  <1:10.  Taken  to¬ 
gether  Ju&oe  results  suggest  that  infection  in  Monkey  N-22  was  of  low 
magnitude  and  was  manifested  only  after  depletion  of  the  passive  antibody. 

In  contrast,  the  rate  and  magnitude  of  antibody  increase  in  the  animals 
administered  serum  8  and  24  hr  aftei  virus  were  similar  to  that  observed  in 
the  virus  control . 

Although  the  number  of  animals  was  small,  the  study  indicated  that  in¬ 
fection  with  VEE  virus  was  modified  by  the  administration  of  passive  antibody. 
Because  unmodified  VEE  virus  infection  is  uniformly  lethal  in  the  noninmune 
animal,  guinea  pigs  were  selected  for  further  studies. 

A  study  to  determine  the  longevity  of  passively  administered  antibody 
in  guinea  pigs  consisted  cf  2  trials  employing  animals  of  different  weights. 

In  the  first  trial,  250-350-gm  guinea  pigs  received  intraperitcreally  (IF) 
varying  amounts  of  homologous  VEE  immune  guinea  pig  serum  (HAI  titer  1:1280). 
The  inmune  serum  in  this  and  subsequent  studies  was  obtained  from  guinea 
pigs  which  had  recovered  from  infection  with  the  nonlethal  attenuated  strain 
of  VEE  virus  . 

The  mean  reciprocal  HAI  titer  of  each  group  on  various  days  l'.-1  lowing 
administration  of  serum  is  presented  in  Table  TV.  Due  to  techn:cai 


difficulties,  10  animals,  2  from  group  II  and  4  each  from  groups  III  and  IV, 
died  following  the  first  bleeding.  Thus,  the  values  after  day  1  for  the  latter 
groups  are  derived  from  2  animals  each. 

TABLE  IV.  HA I  TITERS^  OF  GUINEA  PIGS  FOLLOWING  ADMINISTRATION  OF  HOMOLOGOUS 

VEE  SERUM 


SERUM 

PER  ANIMAL 

MEAN  RECIPROCAL 
AFTER  SERUM 

HAI  TITER  BY 
ADMINISTRATION 

DAY 

GROUP 

NO .  ml . 

1 

6 

12 

18 

25 

32 

40 

I 

1.0 

20 

8 

7 

6 

5 

b/ 

II 

2.0 

25 

12 

11 

6 

6 

III 

4.0 

73 

40 

30 

20 

10 

5 

IV 

8.0 

160 

120 

60 

40 

30 

10 

5 

a.  For  purposes  of  computation,  sera  with  titers  of  less  than  1:10  (the 
lowest  dilution  used  in  the  HAI  test)  were  assigned  a  value  of  5. 

b.  Blank  space  denotes  not  done. 

Because  of  difficulties  in  bleeding  the  smaller  animals  350-450-fcm  guinea 
pigs  were  employed  in  the  next  experiment.  Antibody  titers  for  these  rnimals 
appear  in  Table  V. 

TABLE  V.  HAI  TITER OF  GUINEA  PIGS  FOLLOWING  ADMINISTRATION  OF  HOMOLOGOUS 

VEE  IMMUNE  SERUM 


SERUMS/ 
FES  ANIMAL 


MEAN  RECTT'R0CAL  HAI  TITERS  BY  DAY 
AFTER  SERUM  ADMINISTRATION 


:oup  no. 

ml . 

1 

6 

12 

Ia 

1.0 

6 

5 

5 

Ha 

2.0 

17 

8 

5 

Ilia 

4.0 

28 

22 

10 

IV  a 

8.0 

62 

39 

15 

a.  Serum  with  titers  of  less  th  n  1:10  were  assigned  a  value  of  5. 

b.  The  titer  of  this  serum  was  1:640. 

When  HAI  titers  haa  dropped  to  a  value  of  <1:10,  guinea  pigs  in  both 
trials  which  had  survived  the  schedule  of  repeated  cardiac  punctures  were 
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challenged  with  approximately  10^  guinea  pig  irtraperitoneal  median  lethal 
doses  (GPIFLD50)  of  Trinidad  strain  virus.  Of  the  25  animals  challenged, 

9  succumbed.  Of  the  16  survivors,  13  developed  HAI  titers  ranging  from 
1:320  to  1:5120,  indicating  that  these  animals  had  been  infected.  The  HAI 
titers  of  2  survivors  remained  unchanged  following  challenge  while  the  re¬ 
maining  survivor  was  not  bled. 

From  this  study,  it  was  evident  that,  even  though  HAI  titers  were  <1:10 
at  time  of  challenge,  sufficient  passive  antibody  remained  to  protect 
against  the  lethal  effects  of  the  VEE  virus  infection. 

In  an  effort  to  define  more  exactly  the  duration  of  protection  afforded 
by  passively  administered  antibody,  60  guinea  pigs  were  each  inoculated  IP 
with  4.0  ml  of  homologous  VEE  instant  serum.  This  serum  had  an  HAI  titer  of 
1:1230  and  an  SHI  >7  logs.  Twenty-four  hr  after  administration  of  cerum 
and  at  weekly  intervals  thereafter,  6  guinea  pigs  were  selected  from  the 
group,  bled  for  serology,  and  challenged  with  app .oximately  10J  GPIPLD50 
of  Trinidad  strain  virus.  The  results  are  presented  in  Table  VI. 

Seventy-one  days  following  the  administration  of  serum,  14  animals 
which  had  survived  the  original  exposure  to  unmodified  virus  were  re¬ 
challenged.  In  addition  to  surviving  the  initial  challenge  these  animals 
had  not  shown  an  increase  in  antibody  titer.  Their  HAI  titers  at  the  time 
of  the  second  challenge  were  all  <1:10.  Of  the  14,  one  animal  from  Group  X 
survived.  However,  since  only  8  days  separated  the  2  challenges,  this 
animal  may  have  been  developing  antibody  as  a  result  of  the  first  challenge. 
This  conclusion  is  supported  by  the  fact  that  2  other  animals  in  this  group 
shewed  evidence  of  responding  within  the  8-day  period,  one  having  a  titer 
of  1:10  and  the  other  a  titer  of  1:40. 

In  addition  to  HAI  serology,  serum  neutralization  tests  were  performed 
on  Several  of  the  pre-challenge  sera.  With  an  occasional  exception,  only 
those  animals  having  a  SNI  of  1,6  logs  or  greater  survived  the  challenge 
dose  of  approximately  10^  GPIPLD50. 

Under  the  conditions  of  the  study  described,  the  duration  of  protection 
afforded  by  the  administration  of  passive  antibody  was  between  63  and  70 
days.  Antibody  titers  of  animals  challenged  within  the  first  2  weeks  after 
administration  of  serum  usually  decreased  in  the  same  manner  as  those  of 
animals  receiving  serum  alone.  This  decrease  is  taken  as  evidence  that 
Infection  was  prevented,  and  that  the  quantity  of  antigen  inoculated  did 
not  elicit  an  antibody  response.  In  contrast,  antibody  titers  of  animals 
challenged  30  to  60  days  after  administration  of  serum  usually  rose  to  high 
levels,  indicating  that  infection  had  occurred. 

The  next  experiment  was  similar  to  that  involving  monkeys.  At  inter¬ 
vals  of  0,  4,  8,  24,  48,  and  72  hr  after  inoculation  of  10^  GPIPLDjg  of 
Trinidad  strain  virus,  6  guinea  pigs  were  each  administered  4.0  ml  of 
homologous  VEE  innune  serum  via  the  IP  route.  The  HAI  titer  of  this  serum 
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TABLE  VI  . 

DURATION  OF  PROTECTION  AFFORDED  BY 
VEE  IMMUNE  SERUM  IN  THE 

PASSIVELY 
GUINEA  PIG 

ADMINISTERED  HOMOLOGOUS 

GROUP 

NO. 

DAYS 

AFTER  SERUM 
ADMINISTRATION 

MFAN^ 

RECIPROCAL 

HAI  TITER 

SURVIVORS 

TOTAL— 

SURVIVORS  SHOWING 
INCREASE  IN 

TITER  OVER 

SERUM  CONTROL- 

1 

1 

76 

5/6 

1/5 

II 

7 

53 

6/6 

0/3 

III 

15 

28 

6/6 

1/5 

IV 

22 

13 

4/6 

2/4 

V 

29 

8 

6/6 

5/5 

VI 

36 

8 

6/6 

4/5 

VII 

42 

5 

4/6 

4/4 

VIII 

50 

5 

4/6 

4/4 

IX 

57 

5 

2/5 

2/2 

X 

63 

5 

3/4 

2/3 

a.  For  purposes  of  computation,  a  value  of  5  was  assigned  to  sera  with  titers 
of  less  than  1:10  (the  lowest  dilution  used  in  the  HAI  test). 

b.  The  numbers  of  survivors  in  the  last  two  columns  do  not  agree  in  every  case 
because  some  survivors  died  from  bleeding  before  completion  of  the  experiment. 

was  1:1280  and  the  SNI  >7.0  logs.  Results  are  presented  in  Table  VII.  The 
numbers  of  survivors  in  the  last  two  columns  do  not  agree  in  every  case  because 
some  survivors  died  from  bleeding  before  completion  of  the  scheduled  bleedings . 

From  Table  VII  it  can  be  seen  that  guinea  pigs  were  protected  against  the 
lethal  effects  of  virulent  VEE  virus  infection  when  homologous  VEE  inronne  serum 
was  administered  within  24  hr  afr°r  virus  inoculation. 

HAI  tests  performed  on  sera  obtained  in  serial  bleedings  of  these  animals, 
subsequent  to  the  administration  of  serum,  showed  that  the  rate  and  magnitude 
of  antibody  response  varied  as  a  function  of  the  time  between  inoculation  of 
virus  and  serum,  respectively.  These  results  are  summarized  in  Figure  1.  The 
antibody  titers  of  animals  administered  s^rum  immediately  after  virus  inocu¬ 
lation  decreased  in  the  same  manner  as  those  of  animals  which  received  serum 
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TABLE  VII.  EFFECT  OF  PASSIVE  ANTIBODY  ON 

VEE  INF 

ECTION  IN  GUINEA  PIGS 

TIME  SERUM 

ADMINISTERED  AFTER 

TRINIDAD  Il’XULATION  NO. 

SURVIVE 

SURVIVORS  SHOWING 
INCREASE  IN 

D  TITER  OVER  SERUM 

GROUP  NO. 

(hr) 

TOTAL 

CONTROLS 

I 

0 

6/6 

• 

0/4 

II 

4 

5/6 

3/5 

III 

8 

5/6 

2/4 

IV 

24 

6/6 

6/6 

*  V 

M  48 

0/6 

- 

VI 

72 

0/6 

- 

VII 

No  serum 

0/6 

- 

alone.  In  contrast,  antibody  titers  of  animals  treated  24  hr  after  inocu¬ 
lation  of  viius  rose  rapidly  to  high  levels.  The  animals  administered  serum 
at  4  and  8  hr  after  virus  are  also  of  interest .  Approximately  507L  of  the 
animals  in  these  groups  responded  with  an  increase  in  titer  (similar  to  the 
group  treated  at  24  hr) .  However,  the  antibody  titers  of  animals  in  the 
4-  and  8-hr  groups  which  responded  did  not  rise  as  rapidly  or  to  as  high 
levels  as  did  those  |>f  the  24-hr  group.  It  should  be  noted  that  the  curve 
for  "None  -  all  groups"  represents  8  nonresponding  animals  from  the  0,  4, 
and  9 -hr  groups .  * 

Summary  and  Conclusions: 

The  half-life  if  monkey  and  guinea  pig  HAI  entibody  in  the  homologous 
species  was  found  to  be  in  substantial  agreement  with  published  values  for 
the  half-lives  of  the  respective  globulins,  .i.e  ,  6.6  days  for  the  monkey 
and  5.4  days  for  the  guinea  pig  (J  Exp  Med  96:313,  1952). 

From  the  results  of  the  study  in  monkeys  it  would  appear  that  infection 
was  established  as  early  as  4  hr  after  inoculation  of  virus.  Administration 
of  inmune  serum  at  this  time  served  to  delay  the  antibody  response.  At  24 
hr  after  virus  inoculation,  administration  of  serum  resulted  in  the  clearing 
of  over  4  logs  of  virus  from  the  circulation. 

When  present  in  relatively  large  amounts,  passive  antibody  blocked 
infection  in  guinea  pigs,  ai ^  titers  decreased  in  the  same  manner  as  those 
of  animals  which  received  seium  alone.  j 


I 


RECIPROCAL  OF  HAI  TITER 


RESPONSE 


- V  24  HR  GROUP 

. ft  hr  ftpmip 

_ _  A  UR  AOnilD 

SERUM  CONTROLS 

FIGURE  I.  HAI  Tl  !RS  IN  ANIMALS  ADMINISTERED  S~RUN»  AFTER 
INOCULATION  OF  VIRULENT  VEE  VIRUS. 
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If  the  passive  antibody  was  allowed  to  decline,  a  level  was  reached  at 
which  infection  did  occur,  but  lethal  consequences  were  prevented.  Evidence 
of  infection  was  provided  by  the  rapid  rise  of  antibody  titers. 

When  passive  antibody  was  present  in  lesser  amounts,  infection  with  VEE 
proceeded  unaltered. 

Administration  of  passive  antibody  was  efficacious  in  the  treatment  of 
VEE  infection  up  to  24  hr  following  Inoculation  of  virus.  The  rate  and 
magnitude  of  antibody  response  varied  as  a  function  of  the  time  between 
Inoculation  of  virus  and  serum,  respectively. 
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The  challenge  of  young  Duroc  pigs  with  Trinidad  Venezuelan  equine 
encephalomyelitis  (VEE)  virus  was  undertaken  to  study  concentration  in  the 
blood,  liver,  and  brain.  The  greatest  level  of  blood  virus  found  was 
1(J  MIPLDjq/0.3  ml.  This  level  of  viremia  is  not  high  enough  to  suggest 
that  svine  are  important  as  virus  sources  for  mosquitos.  The  10%  suspensions 
of  liver  and  brain  tissue  killed  only  a  portion  of  mice  injected  indicating  a 
low  level  of  virus  activity. 

The  experimental  infection  of  pregnant  swine  did  not  cause  abortions.  It 
was  also  demonstrated  that  VEE  virus  can  be  isolated  from  the  :_Ilk  of  lactating 
sows  up  to  5  days  following  challenge.  The  infection  of  swine  with  VEE  resulted 
from  the  housing  of  susceptible  pigs  with  experimentally  infected  pigs. 
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Description: 

To  investigate  various  interactions  between  an  animal  ho3t  and  Venezuelan 
equine  encephalomyelitis. 

Progress: 

In  FY  1963  Annual  Progress  Report  we  reported  the  susceptibility  of 
swine  to  Venezuelan  equine  encephalomyelitis  (VEE)  and  the  clinical  responses 
illicited  following  experimental  inoculation  of  VEE  virus.  The  current  studies 
were  designed  to  extend  the  knowledge  gained  from  that  work. 

Four  classes  of  Duroc  swine  were  employed  in  these  studies.  These  were: 
young  pigs  3-1/2  months  of  age,  young  adult  swine  8  months  of  age,  adult 
pregnant  sows,  and  lactating  sows  that  had  recently  farrowed. 

The  virus  used  for  these  studies  was  the  Trinidad  strain  of  VEE. 

Employing  the  method  of  Reed  and  Muench,  doses  of  viruses  employed  were 
determined  by  titrating  intraperitoneally  (IP)  10-fold  serial  dilutions  of 
the  stock  virus  in  12-14-gm  albino  Swiss  mice.  The  challenge  of  swine  was 
by  intramuscular  (IM)  injection.  In  all  instances  the  diluent  used  for 
making  dilutions  was  phosphate  buffered  saline  (PUS)  with  17.  normal  rabbit 
serum  (NRS) . 

The  demonstration  of  virus  in  specimens  collected  from  these  swine  was 
accomplished  oy  titrating  materials  IP  in  12-14-gm  albino  Swiss  mice. 

Ten  young  pigs  (3-1/2  months  of  age)  were  inoculated  IM  with  10^  MIPLDjq 
of  virus  in  a  serial  sacrifice  study.  Two  animals  were  sacrificed  each  day 
beginning  day  1  (24  hr  postchallange)  and  extending  through  day  5. 

The  animals  were  bled  daily  for  viremfa  studies.  At  time  of  sacrifice 
107.  suspensions  of  liver  and  brain  were  prepared  from  each  pig  and  injected 
IP  Into  mice. 
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During  this  study  blood  virus  activity  was  demonstrated  in  all  swine 
except  one  (No.  45).  Only  2  of  60  mice  injected  1?  with  0.3  ml  of  brain 
suspension  died.  Fourteen  of  60  receiving  0.3  ml  of  liver  suspensions  died. 
This  indicates  that  the  level  of  virus  in  these  tissues  is  not  great. 

The  relationship  between  virus  levels  in  the  blood,  brain,  and  liver  of 
these  animals  is  presented  in  Table  I. 

TABLE  I.  DISTRIBUTION  OF  VEE  VIRUS  IN  SACRIFICE  STUDY  OF  SWINE  AS  DETERMINED 
BY  MOUSE  INOCULATION  (6  MICE/GROUP) 


PIG 

HD, 

1 

NO. 

MICE  DEAD 

_ 2 

AFTER  IP  INOCULATION 
ON  DAY 

3 

OF 

Jl. 

TISSUSSl' 

5 

Bl. 

Br, 

Li. 

Bl, 

Br. 

Li 

.  Bl. 

Br, 

Li, 

Bl. 

Br 

t  Li, 

Bl. 

Br, 

Li. 

91 

6 

1 

2 

59 

6 

0 

5 

88 

6 

3 

0 

2 

45 

0 

0 

0 

0 

52 

6 

6 

1 

0 

3 

37 

3 

6 

0 

0 

2 

47 

6 

0 

0 

0 

0 

0 

92 

0 

0 

0 

1 

0 

0 

94 

0 

1 

4 

0 

0 

1 

0 

& _ 

ft 

Jj _ 

_ 

1 

0 

0 

0 

_a /  B1  *  blood,  10"  dilution. 
Br  *  brain 
Li  =  liver 


At  the  time  these  pigs  were  challenged,  2  swiue,  comparable  in  age  and  size, 
were  not  Inoculated  but  placed  in  the  pen  with  the  challenged  animals.  These 
animals  were  bled  daily  for  6  days  for  viremia  determinations,  temperatures 
were  taken  twice  daily,  and  sera  tested  for  hemagglutination  inhibiting  (HAI) 
antibodies. 

One  of  the  2  had  a  frank  fever  on  day  4;  bcth  pigs  manifested  what  was 
considered  a  low-grade  fever  from  days  1-5  and  1-4.  Prior  to  the  study  the 
HAI  titer  of  both  was  found  to  be  <1:10;  when  examined  24  days  later  one  had 
an  HAI  titer  of  1:2560  and  the  other  1:320. 

A  low  level  viremia  developed  in  both  pigs,  demonstrated  by  injecting  0.3  ml 
whole  blood  IP  into  mice.  Blood  collected  on  days  4  and  6  from  1  pig  killed  2/6 
and  3/6  mice,  respectively.  Blood  obtained  from  the  other  pig  on  day  6  killed 
1/6  mice.  Based  on  these  observations,  there  is  no  doubt  that  these  pigs  became 
infected.  Howover,  the  exact  mode  of  transmission  was  not  defined. 


In  another  serial  sacrifice  study,  8  young  adult  swine  (8  months  of  age) 
were  inoculated  IM  with  10^  MIPLDjq  of  Trinidad  VEE  virus.  Two  animals 
were  sacrificed  each  day  beginning  day  1  and  extending  through  day  4.  Whole 
blood  and  107.  suspensions  of  liver  and  brain  tissue  were  titrated  in  mice. 
Rectal  temperatures  were  taken  twice  dally.  The  results  of  this  study  are 
presented  in  Table  II, 

Eight  adult  pregnant  sows  were  Inoculated  with  VEE  virus  end  observed 
for  abortions.  Three  sows  received  105*7  mIPLD.q  of  the  Trinidad  strain  of 
VEE  and  farrowed  shortly  after  challenge.  One  farrowed  on  day  6,  1  on  day 
12,  and  1  on  day  14.  A  total  of  1)  pigs  were  born.  All  were  alive  and 
normal  in  appearance. 

Three  sows  in  the  first  semester  of  pregnancy  (30,  40,  and  60  days) 
were  challenged  with  Trinidad  VEE  virus,  2  received  10^  MIPLDjq  and  1 
received  10^  MIPLDjq.  These  animals  were  sacrificed  Just  prior  to  parturi¬ 
tion,  but  it  was  evident  that  they  did  not  abort  following  the  virus  chal¬ 
lenge.  The  2  remaining  sows  received  1CH- 7  MIPtDjp  of  virus.  One  was 
sacrificed  on  day  2  and  the  other  on  day  3  poetchallen'  At  time  of- sac¬ 
rifice  the  brains  and  placentas  of  3  fetuses  from  each  w  wore  titrated  in 
mice.  A  10%  suspension  was  made  from  theca  tissues  ana  \Jected  IP  into 
each  of  6  mice.  There  was  only  1  mouse  death,  and  this  reacted  from  the 
injection  of  placental  suspension. 

These  date  indicate  that  the  vlrua  doea  not  cross  the  placental  barrier 
and  becomes  established  in  the  fetal  brain.  The  results  further  suggest  that 
ahortlona  of  swine  due  to  this  virus  ara  not  likely.  It  should  be  remembered 
however,  that  these  studies  did  not  encompass  tha  effects  of  Infection  during 
all  stages  of  pregnancy. 

Two  lactating  sows  were  inoculated  with  105.7  MIFID50  of  Trinidad  VEE 
virus  end  their  blood  and  milk  checked  dally  for  tha  presence  of  virus  from 
day  1  through  day  6  postchallenge.  In  only  1  of  the  aows  could  virus  be 
demonstrated.  It  is  interesting  to  note  tkat  virus  in  the  milk  from  this 
sow  was  demonstrated  1  day  longer  than  in  the  bilcod.  Table  III  sunmariaes 
these  virus  determinations. 


TABLE  II.  FEVER  AND  TRINIDAD  VEE  VIRUS  DISTRIBUTION  IN  SWINE  SACRIFICE  STUDY 
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TABLE  III.  RE- PONSES  OF  LACTATING  SOWS  TO  TRINIDAD  STRAIN  VEE  VIRUS 


INOCULATION 

DAY 

0-14 

S-15 

Peak 
temp , *F 

No.  Mice 

Dead*/ 

Peak 
temp , *F 

No.  Mice 

Dead 

Blood 

Milk 

Blood 

Milk 

1 

103.4 

6 

6 

103.2 

3 

0 

2 

102.4 

6 

1 

102.0 

0 

0 

3 

104.2 

6 

5 

104.8 

0 

0 

4 

104.0 

0 

5 

105.8 

0 

0 

5 

102.8 

0 

2 

106.6 

0 

0 

6 

103.2 

0 

0 

102.4 

0 

0 

a/  0.3  ml  whole  blood  or  milt  inoculated  I?  into  6  mice. 

The  sow  that  had  demonstrable  virus  in  her  milk  was  nursing  5  pigs. 

These  pigs  were  bled  14  day a  following  tha  dam's  challenge  and  all  had 
positive  HAI  antibody  titers  ranging  from  1:640  to  1:10,240.  The  other 
sow  had  11  nursing  pigs.  When  the  pigs  were  checked  14  days  following 
challenge  of  the  sow,  7  of  11  had  demonstrable  HAI  titers  ranging  from 
1:4A0  to  1:5120.  None  of  the  pigs  died  or  exhibited  clinical  signs  of  illness. 

Summary  and  Conclusions: 

lhe  challenge  of  young  Duroc  pigs  with  Trir.idad  VEE  virus  was  undertaken 
to  study  virus  concentrations  in  the  blood,  liver,  and  brain. 

The  greatest  level  of  blood  virus  found  was  102.38  mIPLDjq/0.3  ml.  This 
level  of  viremia  is  not  high  enough  to  suggest  that  swine  are  important 
as  virus  sources  for  mosquitos.  The  10Z  suspensions  of  liver  and  brain 
tissue  killed  only  a  portion  of  mice  injected  indicating  a  low  level  of 
virus  activity. 

The  experimental  Infection  of  pregnant  swine  did  not  cause  abortions. 

It  was  also  demonstrated  that  VEE  can  be  isolated  from  the  milk  of  lactating 
sows  up  to  5  days  following  challenge,  The  infection  of  swine  with  VEE 
resulted  from  housing  of  susceptible  pigs  with  experimentally  infected  pigs. 
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The  administration  of  attenuated  VEE  virus  to  pregnant  swine  did  not  cause 
abortions.  At  time  of  farrowing  a  large  percentage  of  the  young  pigs  were  still¬ 
born.  After  extensive  study  it  was  concluded  that  these  sows  had  become  infected 
with  brucellosis  which  could  account  for  the  abnormal  farrowings.  The  baby  pigs 
born  of  these  sows  had  negative  (<1:10)  hemagglutination- inhibiting  antibody 
titers  at  birth  but  developed  positive  titers  subsequent  to  nursing.  These 
titers  were  again  negative  (<1:10)  when  the  pigs  were  2-1/2  months  of  age.  When 
challenged  at  this  time  with  Trinidad  VSE  virus  the  pigs  were  shown  to  be 
partially  protected. 
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Description: 


To  Investigate  various  interactions  between  an  animal  host  and  Venezuelan 
equine  encephalomyelitis . 

Progress : 

The  infection  of  pregnant  dams  with  certain  viral  agents  has  been  observed 
to  cause  adverse  effects  on  th*  developing  fetuses.  This  phenomenon  is  seen 
when  women  become  Infected  with  rubelle;  sheep, with  bluetongue,  equines,  with 
rhinopneumonitis ;  and  swine,  with  hog  cholera. 

The  development  of  an  attenuated  strain  of  Venezuelan  equine  encephalo¬ 
myelitis  (VEE)  virus  Intended  as  a  vaccine  required  that  studies  be  conducted 
to  determine  if  undesirable  effects  resulted  from  the  use  of  this  vaccine 
strain  in  pregnant  animals.  The  selection  of  swine  as  th<  experimental  model 
was  based  on  the  knowledge  that  teratogenic  defects  were  ccmsonly  observed 
when  pregnant  sows  were  vaccinated  with  attenuated  hog  cholera  virus. 

Two  strains  of  VEE  virus  were  employed  in  these  studies.  The  attenuated 
strain  had  a  passage  history  of  GPH78/CFZ/GPH13.  The  unmodified  Trinidad  strain 
used  was  13th  passage  chick  embryo  slurry. 

The  virusec  were  titrated  in  12-14-gm  albino  Swiss  mice  by  the  intra- 
peritcneal  (IP)  route.  The  doses  of  viruses  employed  were  determined  by  the 
method  of  Reed  and  Muench.  Mice  were  also  used  for  viremia  dete^ninarioiiB . 
Hemagglutination- inhibiting  (HAI)  antibody  responses  were  determined  by  the 
method  of  Clarke  and  Casals, 


The  swine  were  young  adult  Durocs  that  had  not  previously  been  bred.  The 
drove  consisted  of  1  bear  and  13  females.  The  sows  were  bred  and  dates  of 
breeding  recorded.  Nine  of  the  sows  were  subsequently  administered  attenu¬ 
ated  VEE  virus  intramuscularly  (IM)  and  4  served  as  uninoculated  controls. 
Seven  of  the  9  inoculated  sows  received  lCr*  MIPIDjg  of  virus.  At  time 

of  vaccination  these  sows  were  from  22-32  days  pregnant.  The  remaining  2 
were  administered  105,88  MIPLDcri  of  virus  when  they  were  48  and  49  days 


pregnant . 
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Preinoculation  sera  were  all  negative  for  HAI  antibody.  There  were  no 
clinical  manifestations  of  illness  observed  following  administration  of  the 
attenuated  virus.  The  animals  remained  afebrile  and  did  not  abort.  The  sows 
became  infected  based  on  the  development  of  positive  HAI  titers  subsequent  to 
vaccination.  Sera  were  obtained  .everal  times  during  the  pc.tchallenge  inocula¬ 
tion  period  ar.d  each  specimen  was  found  positive  for  HAI  anybodies. 

The  serologic  responses  of  these  swine  are  summarized  in  Table  I.  It  is 
interesting  to  r.oLe  that  the  level  of  HAI  antibody  did  not  change  significantly 
during  the  time  frame  involved. 

TABLE  I.  SEROLOGIC  RESPONSES  OF  SWINE  INOCULATED  WITH  ATTENUATED 
VEE  VIRUS 


DOSE  OF 

ATTENUATED 

RECIPROCAL 

HAI  ANTIBODY 

TITER 

VIRUS 

Day  postinoculation 

L°g]0 

SOW  NO. 

21-22 

56-58 

80-86 

3.87 

45 

640 

320 

£40 

37 

40 

40 

40 

36 

160 

40 

21 

160 

160 

26 

160 

bO 

34 

160 

80 

5.86 

25 

160 

10 

640 

14 

_ 120 _ 

These  9  sows  farrowed  following  a  normal  gestation  period.  At  time  of 
farrowing  the  baby  pigs  were  examined  for  defects,  and  prior  to  nursing  bled 
for  HAI  antibody  determinations.  All  pigs  tested  prior  to  nursing  had  HAI 
titers  of  <1:10,  but  after  nursing,  developed  positive  titers. 

When  the  sows  farrowed  a  high  per  cent  of  stillbirths  wc~s  observed. 
Fortunately,  1  of  the  4  uninocul'ited  sows  farrowed  at  the  same  time.  Her 
parturition  was  complicated  and  required  assistance.  Four  dead  pi6s  were 
delivered,  2  of  which  were  underdeveloped.  It  was  suspected  that  the  swine 
had  become  infected  with  leptospirosis,  burcellosis,  or  some  other  pathogen. 

Specimens  of  serum  and  urine  from  the  sows  and  the  boar  were  tested  for 
leptospirosis  and  found  negative.  When  sera  were  tested  for  brucella  agglutinins 
the  boar  was  found  to  h-ve  a  titer  of  1:400  and  the  sews  had  titers  ranging  up 
to  1:200. 


109 


It  was  assumed,  therefore,  that  these  swine  were  infected  with  brucella 
and  that  the  sacrifice  of  the  adult  animals  was  indicated  because  of  public 
health  implications.  Attempts  to  isolate  brucella  from  these  animals  were 
unsuccessful.  The  sacrifice  cl  these  animals  was  accomplished  prior  to  the 
farrowing  of  the  3  remaining  control  sows.  Necropsy  of  these  control  sows 
revealed  evidence  of  pathologic  changes  compatible  with  brucella  infections: 
there  were  abscess  formations  and  1  sow's  uterus  showed  evidence  that  her 
pregnancy  had  terminated  by  a  recent  abortion  or  that  the  fetuses  had  been 
readsorbed.  It  is  also  of  interest  to  note  that  these  3  control  sows  were 
bred  several  times  and  should  have  conceived  and  farrowed  several  weeks  prior 
to  sacrifice.  This  was  also  strong  evidence  supporting  the  theory  of  a 
brucella  infection. 

Twenty-nine  of  the  67  pigs  farrowed  by  the  vaccinated  sows  were  still¬ 
born.  At  time  of  birth  all  pigs  were  bled  from  the  heart,  sane  were 
sacrificed  for  pathology  studies,  some  were  denied  the  dam’s  milk  and  fed 
by  bottle  and  sane  were  left  with  the  sows.  Thirty-eight  sera  from  these 
baby  pigs  were  tested  f cr  HAI  antibody  determinations  at  birth  and  all  were 
negative  (<1:10).  Farrowing  data  of  vaccinated  sows  are  presented  in  Table  II. 

TABLE  II.  FARROWING  DATA  OF  PREGNANT  SOWS  ADMINISTERED 
ATTENUATED  VEE  VIRUS. 


SWINE 

NO. 

INOCULATION 
ATTENUATED  VIRUS 
(day  of  preanancy) 

NO.  PIGS 
BORN  DEAD 

NO.  PIGS 

BORN  ALIVE 

37 

29 

0 

6 

45 

32 

2 

1 

36 

27 

5 

8- 

25 

26 

5 

8 

34 

26 

2 

10 

26 

25 

11 

1 

21 

22 

1 

0 

10 

48 

1 

2 

M _ 

49 

2 

2 

Subsequent  to  nursing  (2-3  weeks  of  age)  the  sera  of  6  pigs  that  were 
permitted  to  nurse  were  tested  for  HAI  antibodies  end  all  were  positive- 
The  titers  ranged  from  1:40  to  1:3_0.  Their  seva  were  again  tested  when 
the  pigs  were  approximately  2-1/2  months  of  age  and  the  titers  were  all 
<1:10. 

At  this  time  the  pigs  were  challenge,  vith  10^'^  MIPLDjq  of  unmodified 
Trinidad  VEE  virus.  Six  additional  pigs,  comparable  in  age  and  size  were 
inoculated  with  the  3ame  dose  and  served  as  controls.  Rectal  temperatures 
were  recorded  twice  daily  for  10  days,  viremia  determinations  were  made 
day  1-4.  Viremia  was  demonstrated  in  all  control  pigs,  whereas  virus  was 


no 


recovered  from  only  1  of  the  pigs  born  of  the  vaccinated  sows;  the  level  of 
viremia  was  very  low  and  demonstrable  only  on  days  1  and  2  postchallenge,  iln 
each  of  these  days  0.3  ml  of  whole  blood  killed  only  1  of  6  mice  infected  It. 

A  febrile  response  was  observed  in  all  pigs. 

The  sera  collected  from  these  pigs  were  tested  for  HAI  antibodies  21  days 
postchallenge,  and  all  were  positive.  The  titers  ranged  from  1:160  to  1:1280 
in  the  principals  while  all  controls  h^d  a  titer  of  1:1280.  The  responses 
of  these  pigs  are  summarized  in  Table  III. 

These  data  indicate  that  the  young  pigs  born  of  vaccinated  sows  were 
resistant  to  challenge  with  unmodified  Trinidad  VEE  vrius.  The  resistance 
observed  was  probably  due  to  passive  innunity  obtained  from  the  dam  through 
the  colostrum.  It  is  interesting  to  note,  however,  that  the  sera  tested  prior 
to  challenge  did  not  have  demonstrable  HAI  antibodies  at  the  1:10  dilution.  ^ 

Summary: 

Pregnant  Duroc  swine  were  administered  attenuated  VEE  virus  to  determine 
if  teratogenic  defects  and/or  abortions  would  occur.  No  abortions  were  observed 
but  when  the  sows  farrowed  a  large  percent  of  stillbirths  were  observed.  Thi3 
also  occurred  in  1  of  the  uninoculated  controls.  The  cause  of  these  still¬ 
births  was  believed  to  be  due  to  brucellosis.  This  assumption  was  based 
principally  on  the  demonstration  of  positive  brucella  titers.  The  animals  were 
sacrificed  and  attempts  to  isolate  brucella  were  unsuccessful.  It  was  found 
that  the  HAI  antibody  titers  of  these  sows  did  not  change  significantly  from 
21-80  days  postinoculation.  Sera  from  the  young  pigs  born  of  these  sows  were 
tested  for  HAI  antibodies  at  birth,  and  prior  to  nursing,  they  were  all  negative 
(<1:10)  but  were  positive  following  nursing.  At  2-1/2  months  with  unmodified 
Trinidad  VEE  virus,  they  were  partially  protected.  They  had  a  febrile  response, 
but  from  only  1  could  virus  be  isolated  from  blood. 

Publications: 

None.  i | 
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This  o«.udy  indicates  that  administration  of  the  attenuate'*  strain  of 
Venezuelan  equine  encephalomyelitis  (VEE)  virus  to  oregnant  guinea  pigs  does 
not  cause  undesirable  effects.  The  pigs  born  of  these  sews  were  normal  in 
appearance  and  the  per  cent  stillbirths  observed  do  not  exceed  that  normally 
seen  in  a  breeding  colony.  The  number  of  pigs  derived  from  the  sows  is  also 
compatible  with  that  observed  in  a  breeding  colony. 

The  resistance  of  the  young  pigs  to  unmodified  Trinidad  VEE  virus  is 
clear  evidence  that  immunity  had  been  acquired.  This  immunity  s>ny  have  been 
attained  by  maternal  transfer  of  antibodies;  at  time  of  challenge  sufficient 
levels  were  present  to  protect  the  animal. 
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Study  No. 


-40-08:  Host-parasite  Relationships  in  Venezuelan  Equine 
Encephalomyelitis 


Description: 


Section  III:  Attenuated  VEE  Virus  in  Pregnant 
Guinea  Figs. 


To  investigate  various  interactions  between  an  animal  host  and 
Venezuelan  equine  encephalomyelitis. 

Progress:  * 

An  isolated  colony  of  Hartley  strain  guinea  pigs  was  established  to 
determine  if  the  administration  of  an  attenuated  strain  of  Venezuelan  equine 
encephalomyelitis  (VEE)  virus  to  pregnant  sows  would  cause  undesirab? s  effects. 

Two  strains  of  VEE  were  used  in  these  studies:  the  attenuated  strain 
was  produced  by  the  Virology  Division,  USAMU,  and  Identified  cs  TC-83/3-2. 

The  second  strain  of  virus  used  was  the  unmodified  Trinidad  strain. 


T1  •■•r  of  the  attenuated  virus  was  established  as  follows:  Ten-fold 
serial  dilutions  of  the  attenuated  virus  were  made  and  0.3  ml  of  each  dilu¬ 
tion  was  injected  intraperitoneally  (IP)  into  each  of  6  mice.  Two  weeks 
later  these  mice  were  inoculated  IP  with  102*^  MIPID^q  of  the  Trinidad 
strain  of  VEE.  The  Trinidad  strain  of  virus  was  also  titrated  in  mice. 
Doses  of  virus  were  calculated  using  the  method  of  Reed  and  Muench. 

The  guinea  pigs  were  bred  and  dates  of  breeding  recorded.  A  total  of 
26  females  were  successfully  bred  during  the  study.  These  *ows  were 
inoculated  IP  with  104'  MIPLD50  of  the  attenuated  virus.  At  time  of 
challenge,  the  stager;  of  pregnancy  ranged  from  12-36  days. 

Of  the  26  pigs  challenged  only  1  aborted  during  the  experiment.  This 
occurred  14  days  pcstinoculation  and  the  necropsy  report  indicated  that 
death  was  due  to  pneumonia. 

The  25  sows  gave  birth  to  a  total  of  88  pigs.  The  size  of  litters 
ranged  from  1-5  pigs  with  a  mean  of  3.4.  There  were  4  stillborn  pigs  and 
4  pigs  died  within  5  days  of  birth.  One  died  at  the  age  of  1  month.  The 
animals  dying  were  necropsied  by  Pathology  Division,  USAMU,  and  no  evidence 
of  CNS  involvement  was  found.  These  deaths  were  attributed  to  pneumonia. 
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When  these  78  young  guinea  pigs  were  weaned  they  were  challenged  with 
10^  MIPLD50  of  unmodified  Trinidad  VEE  virus.  At  time  of  challenge  the  ages 
of  these  animals  ranged  from  9-12  weeks.  Ten  pigs,  comparable  in  size  and 
age  were  obtained  and  added  to  the  group  to  serve  as  controls.  Subsequent  to 
the  Trinidad  challenge  all  controls  died.  Only  2  of  the  principals  died. 

Both  of  these  were  late  deaths,  occurring  on  days  10  and  11  poStchallenge . 
Attempts  to  demonstrate  virus  activity  from  the  brains  of  the  animals  were 
unsuccessful.  It  was  noted  that  approximately  10%  of  the  survivors  exhibited 
some  evidence  of  illness  during  the  2-week  observation  period. 

The  young  pigs  were  bled  14  days  following  challenge  and  sera  checked 
for  hemagglutinaticn-inhibiting  (HAI)  antibodies.  Approximately  80%  had 
positive  HAI  antibody  titers,  some  of  which  were  found  to  be  as  high  as 
1:5120. 

Summary: 

The  results  of  this  study  indicate  that  administration  of  the  attenuated 
strain  of  VEE  virus  to  pregnant  guinea  pigs  docs  not  cause  undesirable  effects. 
The  pigs  born  of  these  sows  were  normal  in  appearance  and  the  per  cent  still¬ 
births  observed  do  not  exceed  that  normally  seen  in  a  breeding  colony.  The 
number  of  pigs  derived  from  the  sows  is  also  compatible  with  that  observed  in 
a  breeding  colony. 

The  resistance  of  the  young  pigs  to  unmodified  Trinidad  VEE  virus  is 
clear  evidence  that  immunity  had  been  acquired.  This  immunity  may  have  been 
attained  by  maternal  transfer  of  antibodies  and  at  time  of  challenge  sufficient 
levels  wera  present  to  protect  the  animal. 

Publications: 


None 
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Twelve  volunteers  were  inoculated  with  attenuated  Venezuelan  equine 
encephalomyelitis  virus  (VEE)  vaccine.  Beginning  at  2  hr  poatlnoculatlon 
and  daily  for  the  subsequent  14  days  clinical  observations  were  made  and 
specimens  for  viral  studies  collected.  During  the  same  interval  35-40 
Aedes  triseriatus  mosquitoes  were  fed  daily  On  each  subject.  The  mos¬ 
quitoes  were  incubated  for  18-20  days  at  which  tine  they  were  allowed  to 
teed  on  guinea  pigs  .  None  of  the  guinea  pigs  became  infected  as  evidenced 
by  serologic  and  challenge  tests.  Virus  was  not  recovered  with  trituration 
of  mosquitoes  and  inoculation  into  susceptible  hosts. 

From  the  results  it  h'  .>~ars  unlikely  that  A.  triseriatus  or  other 
mosquito  of  similar  VEE  infection  threshold  would  become  infected  by 
feeding  on  persons  with  vlremia  following  inoculation  of  attenuated  VEE 
virus  . 
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Section  IV.  Arthropod  transmission. 

Description: 

To  investigate  various  interactions  between  animal  hosts  and  the  virus  of 
Venezuelan  equine  encephalomyelitis. 

Progress: 


The  cooperation  and  assistance  of  personnel  of  the  Arbovirus  Unit,  Com¬ 
municable  Disease  Center,  Atlanta,  Georgia  and  those  of  the  Entomology  Division, 
0.3.  Army  Biological  Laboratories,  Port  Detrick,  Maryland  ia  gratefully 
acknowledged.  Particular  thanks  are  extended  to  those  persons  who  served  as 
volunteers . 


As  reported  last  year  successful  Infection  of  Aedes  triserlatws  and  Aedes 
aegypti  with  an  attenuated  strain  of  Venezuelan  equine  encephalomyelitis  (VEE) 
virus  necessitated  the  use  cf  relatively  large  quantities  of  virus . 

Although  attempts  to  Infect  these  mosquitoes  on  viremic  guinea  pigs  were 
negative,  definitive  atudles  in  man  were  still  required.  An  opportunity  to 
perform  these  studies  was  afforded  in  relation  to  the  immunization  of  personnel 
of  the  Arbovirus  Unit  at  CDC . 

Twelve  persona  scheduled  for  immunization  volunteered  for  these  3tudies. 
Table  I  lists  their  prior  itam.nizations  to  other  members  of  the  group  A  -rbc- 
viruses .  Before  inoculation  of  the  attenuated  virus,  oral  temperature,  blood 
for  serum  and  a  throat  swabbing  were  obtained  from  each  person.  These  pro¬ 
cedures  were  repeated  at  2  hr  and  then  daily  for  14  days  following  inoculation. 
Each  person  was  administered  0.5  ml  of  virus  suspension  subcutaneously  which 
contained  approximately  103  median  guinea  pig  intraperiteneal  immunizing  doses 
(GPIPIDjq)  . 
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TABLE  I .  IMMUNIZATION 
_  VIRUS  VACCINE 

EXPERIENCE  OF 

VOLUNTEERS  ADMINISTERED 

ATTENUATED  VEE 

VACCINE 

VOLUNTEER 

EEE— ^ 

WEE— ^ 

c/ 

VEE- 

Pt 

+ 

+ 

- 

Cr 

- 

- 

- 

We 

+ 

+ 

- 

So 

- 

V- 

- 

La 

+ 

+ 

- 

En 

+ 

+ 

+ 

T1 

+ 

+ 

- 

Cn 

+ 

+ 

Wk 

+ 

+ 

- 

Li 

+ 

+ 

- 

Pn 

+ 

+ 

- 

Ce 

+ 

+ 

- 

a/  EEE  -  Eastern  equine  encephalitis,  inactivated, 

b/  WEE  -  Western  equine  encephalitis,  Inactivated. 

c/  VEE  -  Live  attenuated  in  1561. 

d /  VEE  -  Live  attenuated  in  1961  -  no  response. 

Beginning  at  2  hr  and  daily  for  13  days  after  inoculation  of  virus, 
35-40  A.  triseriatus  were  allowed  to  feed  on  each  subject.  Feelings  were 
carried  out  immediately  following  collection  of  the  daily  blood  sample. 

The  mosquitoes  were  then  incubated  at  80  F  and  7571  humidity  for  18-20  days. 
During  this  period  the  daily  blood  samples  as  undiluted  and  a  1:10  dilution 
of  serum  were  inoculated  into  suckling  mice.  The  results  of  these  assays 
were  utilized  as  the  basis  for  selecting  the  groups  of  mosquitoes  for 
subsequent  studies  which  were  most  likely  to  be  infected. 

The  susceptibility  of  several  laboratory  hosts  to  infection  with  the 
attenuated  virus  is  demonstrated  by  the  results  presented  in  Table  II. 

These  were  derived  from  experiments  designed  to  establish  the  validity  of 


viremia  assay  results  and  mosquito  feedings 


TABLE  II.  SUSCEPTIBILITY  OF  SELECTED  LABORATORY  HOSTS  TO  INFECTION  WITH 
ATTENUATED  VEE  VIRUS 


ld50 

TITER 

ID5q  AS  REVEALED  BY 

ROUTE 

VOL .  CF 

21 -DAY  CHALLENGE^' 

TEST 

OF 

INOCULUM 

Per  lnoc 

.  Per 

Per  inoc .  Per 

ANIMAL 

IN0C  .1' 

(ml) 

vol . 

cc . 

vol .  cc . 

Suckling 

mouse 

IC 

0.02 

io5-3 

io7-0 

Suckling 

mouse 

SC 

0.02 

104,5 

106*2 

3 -week 

Q.feS/ 

nouse 

IC 

0.03 

<10 

— 

1/2-day 

chick 

SC 

0.03 

<10°  *6 

— 

G.  Pig 
(400  gm) 

IP 

0.5 

No  deaths 

io6*1  io6-& 

.  a/tiloute  of  Inoculation  -  IC,  Intracerebral;  SC,  subcutaneous;  IP, 
lntraperltoneal . 

b /  Challenge  dose  -  10^'^  adult  mouse  IC  LD50  of  Trinidad  strain  VEE  virus 
via  the  IP  route. 

a/  One  apparent  breakthrough  occurred  In  the  10"3  dilution. 

Mosquitoes  which  had  fed  during  period  of  apparent  viremia  were  permitted 
to  feed  on  400-gm  guinea  pigs  and  were  then  frozen  for  subsequent  testing  for 
presence  of  virus.  The  guinea  pigs  were  held  for  30  days  at  which  time  they 
were  bled  for  serum  and  then  challenged  with  unmodified  virus.  The  serum  was 
tested  for  hemagglutination-inhibiting  (El)  antibody.  The  challenge  dose  was 
103-2  mouse  ICLDjq  of  Trinidad  strain  VEE  virus  administered  by  the  intra- 
peritonsal  route. 

The  results  of  the  viremia  assay  and  mosquito  experiments  are  presented  in 
Table  III.  Despite  the  fact  that  mosquitoes  were  fed  on  the  subjects  at  times 
of  viremia,  none  of  344  transmitted  virus  to  guinea  pigs  nor  was  virus  demon¬ 
strated  in  611  when  triturated  and  inoculated  into  suckling  mice. 

Summary  and  Conclusions: 

Under  the  conditions  of  this  limited  study  no  evidence  was  obtained  that 
the  infection  in  man  with  attenuated  VEE  virus  is  of  sufficient  magnitude  to 


provide  for  infecting  mosquitoes,  i,.£.,  A.  triseriatua . 

While  indicative  that  transmission  of  the  attenuated  VEE  virus  by  mos¬ 
quitoes  from  vaccinees  is  not  likely  to  occur;  experimental  conditions  in 
this  study  did  not  allow  for  mosquito  essays  at  intervals  between  C  and 
18  days  incubation. 

This  study  will  continue  providing  personnel  and  adequate  facilities 
become  available. 
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TABLE  III, 


ATTEMPTED  INFECTION  OF  A.  TRISERIATJS  BY  FEEDING  ON  HUMAN  SUBJECTS 
FOLLOWING  INOCULATION  WITH  AN  ATTENUATED  STRAIN  OF  VEE  VIRUS 


SUBJECT 


DAY  01 

FEEDING 

POST- 

IN0CULAT10N 


VIREMIA  ASSAY-' 
SERUM  DILUTION 


Days 

extrinsic 


MOSQUITOES 

Number 

feeding  on  . 
uinea  oizs^' 


No.  unin- 
fected 
No.  tested 


Cn 

4 

2/8 

0/8 

5 

5/8 

0/8 

7 

0/8 

8/8? 

8 

3/8 

2/8 

TABLE  III .  CONTINUED 


SUBJECT 

DAY  OF 
FEEDING 

POST¬ 

INOCULATION 

VIREMIA  ASSAY-/ 
SERUM  DILUTION 
None  1:10 

Days 

extrinsic 

incubation 

MOSQUITOES 
Number 
feeding  on 
guinea  pigsi.' 

No.  unin¬ 
fected 

Nc .  testec 

Wk 

4 

2/10? 

2/9? 

18 

19 

0/29 

6 

8/8? 

0/8 

20 

20 

0/28 

Li 

5 

4/8 

0/8 

18 

17 

0/33 

7 

0/8 

2/8 

19 

17 

0/35 

Pn 

5 

5/8 

0/3 

18 

13 

0/29 

7 

1/7 

2/8 

19 

15 

0/33 

Cy 

8 

0/7 

? 

15 

15 

0/31 

9 

4/8 

0/7 

19 

15 

0/27 

11 

0/7 

8/8? 

18 

21 

C/29 

12 

0/10 

1/11 

17 

21 

0/29 

Total 

mo8q.  refed  on 

guinea  pigs  with 

neg  .  results 

. 344 

Total 

mosquitoes  screened  for 

virus  with  negative 

results - 

.—611 

a.  No.  suckling  mice  dying/no.  suckling  mice  inoculated  with  either  undiluted 
serum  or  serum  diluted  1:10,  drawn  from  the  human  subject  inmadiately 
preceding  the  mosquito  feeding.  These  figures  may  include  nonspecific 
deaths,  particularly  where  question-marked. 


b.  Absence  of  HI  antibodies  at  30  days  of  incubation,  and  lack  of  resistance 
to  challenge  against  10^'*  adult  mouse  ICLD50  administered  via  the  IP 
route  was  considered  tc  indicate  lack  of  VEE  transmission  by  mosquito 
bite. 


c.  This  guinea  pig  survived  challenge  but  possessed  no  HI  antibody.  Since 
no  virus  could  be  detected  in  the  mcsquitoe  which  had  fed  upon  this 
guinea  pig,  the  survival  of  challenge  was  considered  to  be  a  freak 
occurrence . 
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against  respiratory  challenges  of  SCHU-S4  and  SCHU-S5  strains  of  P.  tularensls. 

These  studies  do  not  establish  whether  or  not  there  is  a  difference  in 
protection  afforded  against  strains  SCHT-S4  and  SCHU-S5,  but  do  indicate  a  need 
for  extending  the  observations  to  larger  numbers. 
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Description: 

To  evaluate  experimental  vaccines  developed  by  various  organizations, 
contractors,  or  other  governmental  agencies. 

Progress: 

A  sthdch  of  the  literature  revealed  surprisingly  little  information 
concerning  the  effectiveness  of  tularemia  living  vaccine  (LVS)  against  the 
streptomycin-resistant  strain  of  Pasteurella  tularensls  (SCHU-S5)  and 
inconsistencies  were  noted  in  studies  with  the  streptomycin-susceptible 
(SCHU-S4)  strain.  Table  I  summarizes  these  reports. 

TABLE  I.  THE  EFFICACY  OF  VIABLE  P.TULARENSIS  VACCINE  (LVS)  AGAINST 
RESPIRATORY  CHALLENGE  WITH  STRAINS  SCHU-S4  AND  SCHU-S5  IN 
M.  MULATTA. 


AEROSOL  CONTROLS  _ VACCINATES 


LABORATORY 

CHALLENGE  DOSE 

(/(Mortality) 

(XInfected)  (XMor 

talitv) 

SCHU-S5 

USABL- 

/(1961) 

750 

87 

100 

40 

SCHU-S4  ., 

usamu2' (1958) 

60 

18 

50 

0 

USABL 

(1962) 

) 

50 

100 

0 

USAMU 

(1958) 

J00 

55 

50 

13 

USAMU 

(1958) 

1,300 

100 

100 

100 

USABL 

(1959) 

1,000-50,000 

100 

100 

47 

USABL 

(1962) 

10,000-50.000 

100 

100 

38 

USAMU 

(1958) 

100,000 

100 

100 

55 

USAMU 

(1958). . 

130.000 

100 

100 

a/  U.S.  Army  Biological  Laboratories,  Fort  Detrick,  Md 
b/  U.S.  Army  Medical  Unit 


To  reinforce  the  SCHU-S5  data,  10  Macaca  mulatta  were  vaccinated  intra- 
dermally  with  LVS  (Lot  ND-6)  and  challenged  130  days  later  by  the  respiratory 
route.  At  time  of  challenge,  7  unvaccinated  monkeys  were  added  to  the  study  as 
controls.  The  exposures  were  made  on  the  modified  Henderson  apparatus  employ¬ 
ing  2  dose  levels:  2,000  and  22,000  cells.  Five  vaccinates  were  challenged 
at  each  dose  level,  with  4  controls  exposed  to  the  low  dose  and  3  to  the  high 
dose. 

Following  exposure  the  animals  were  observed  for  signs  of  illness  and 
death.  On  day  24  pcstchal.lenge  all  survivors  were  sacrificed.  All  vaccinates 
exposed  to  the  2,000-cell  dose  exhibited  signs  of  illness  with  deaths  occurring 
in  2  (407.).  All  of  the  vaccinates  exposed  to  the  22,000-dose  level  became  ill 
and  died.  All  7  controls  employed  in  this  study  became  ill  and  died. 

It  was  felt  important  to  determine  whether  there  was  any  significance  to 
the  fact  that  with  a  SCHU-S5  dose  of  22,000,  there  were  no  survivors,  yet 
previous  studies  with  SCHU-S4  (Table  I)  showed  a  62%  survival  in  the  10,000  to 
50,000  dose  range,  and  45%  survival  at  100,000. 

A  study  was  therefore  undertaken  to  assess  protection  afforded  by  LVS 
vaccine  against  a  challenge  of  SCHU-S4  compared  with  a  challenge  of  SCHU-S5, 
aaploying  the  some  vaccina,  the  same  exposure  apparatus,  laboratory  techniques, 
and  animal  handling  and  personnel. 

Thirty-two  rhesus  monkeys  were  vaccinated  lntradermally  with  ND  Lot  No.  6 
LVS  vaccine  and  were  bled  tor  serology  on  day  56  postvaccination.  On  day  57, 

16  vaccinated  and  10  control  animals  were  exposed  to  a  dynamic  aerosol  of 
SCHU-S4  strain  of  P  tularansis  on  the  modified  Henderson  apparatus.  Eight 
principals  and  5  controls  received  an  average  dose  of  240  cells;  the  rest 
received  6000  cell3.  On  day  59,  the  other  16  vaccinates  and  10  controls  were 
exposed  to  an  aerosol  challenge  of  3CHU-S5  strain.  Half  received  an  average 
of  220  organisms,  the  remainder,  450C  cells.  Temperatures  were  taken  twice 
daily  through  day  28  postchallenge;  the  animals  were  x-rayed,  and  bled  for  CRP 
and.  blood  cultures  twice  weekly  during  this  period.  Survivors  were  bled  for 
serology  on  day  14  and  at  time  of  sacrifice  on  day  28.  Febrile  responses, 

CRP,  X-ray  findings,  and  mortalities  are  shown  in  Figures  1  through  4. 

All  vaccinated  animals  challenged  at  the  2  low  dose  levels  survived. 

No  deaths  occurred  in  vaccinates  receiving  the  high  dose  (6,000  cells)  of 
SCHU-S4.  However,  of  particular  interest  is  the  fact  that  23%  mortality  was 
observed  in  the  vaccinates  receiving  the  high  dose  (';500  cells)  of  SCHU-S5. 

The  2  vaccinates  which  succumbed  to  the  SCHU-S5  challenge  showed  positive 
agglutination  titers  prior  to  exposure. 
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FI3URE  I  .  RESPONSES  OF  M.  MULATTA  TO  AEROSOLIZED  P.  TULAREPOtS 
SCHU-S4,  LOW  DOSE  {240  CELLS). 
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FIGURE  2.  RESPONSES  OF  M.  MULATTA  TO  AEROSOLIZED  P.  TULARENSIS 
3CHU-S4,  HIGH  DOSE  (6000  CELLS). 


Studies  were  conducted  to  evaluate  the  efficacy  of  LVS  in  protecting 
monkeys  against  respiratory  challenge  of  SCHU-S4  and  SCHU-S5  strains  of 
P.  tularensls .  These  studies  do  not  establish  whether  or  not  there  is  a 
difference  in  protection  afforded  against  strains  SCHU-S4  and  SCHU-S5,  but 
do  Indicate  a  need  for  extending  the  observations  to  larger  numbers. 
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Attenuated  Venezuelan  equine  encephalomyelitis  virus  (National  Drug  Lot 
4-93rd  passage)  was  titrated  in  a  group  of  volunteers.  Forty-two  subjects 
were  inoculated  subcutaneously  with  serial  10-fold  dilutions  of  tha  virus.* 

It  was  determined  that  this  lot  of  vaccine  contained  3.46x10^  human  ID^o/O.S  ml. 
Simultaneous  titration  in  guinea  pigs  indicated  that  the  preparation  contained 
7.4x10-’  GPIPID50/O.3  ml.  Of  18  individuals  responding  serologically  to  the 
vaccine,  virus  was  recovered  from  throat  washings  of  6,  and  the  blood  of  one; 
clinical  reactions  occurred  in  12  of  the  18. 
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contractors,  or  other  governmental  agencies. 

Progress* 

Forty- two  volunteers  who  had  no  known  immunological  experience  with 
Venezuelan  equine  encephalomyelitis  (VEE)  were  inoculated  subcutaneously 
with  serial  10- fold  dilutions  of  attenuated  Vgu  virus  (National  Drug  Lot 
4-93rd  passage).  The  men  were  divided  into  7  dosage  groups  of  6  men  each. 

It  had  been  anticipated  that  dosage  of  virus  would  range  from  101,000  to 
0.1  guinea  pig  intraperitoneal  median  infectious  doses  (GPIPIDj^) .  On  the 
basis  of  simultaneous  titration  of  the  virus  in  guinea  pigs,  however , dosage 
in  volunteers  ranged  from  7,400  to  0.007  GPIPID50. 

The  men  were  observed  employing  double-blind  technique  for  12  days 
following  inoculation  and  all  physical  signs  and  symptoms  recorded.  Attempts 
at  virus  isolation  from  tilood  and  pharyngeal  washings  were  made  on  3  oc¬ 
casions  in  each  man  during  the  12-day  period.  Three-tenths  milliliter  of 
each  specimen  was  inoculated  IP  into  each  of  6  weanling  white  mice;presence 
of  the  attenuated  virus  was  demonstrated  by  survival  of  mi. 3  after  challenge 
with  virulent  VEE  virus  14  days  later.  Hemagglutination-inhibiting  (HAI) 
antibody  titers  were  determined  on  sera  obtained  prior  tc  virus  administra¬ 
tion  and  on  days  14,  28,  and  56  postinoculation.  (Table  I)  All  6  individuals 
in  the  highest  dosage  group  responded  serologically,  although  seme  did  so 
only  to  a  minimal  degree.  One  man  in  the  2nd  group  showed  no  cnange  in  titer, 
while  2  in  the  3rd  group  demonstrated  no  rise  in  titer.  Half  of  the  4th  group 
showed  a  serologic  response,  while  none  in  the  remaining  groups  were  immunized. 

There  were  a  total  of  12  reactions  to  the  vaccine  administration.  The 
most  common  manifestations  were  headache,  fever,  myalgia,  eye  pain,  fatigue 
and  weakness.  Conjunctivitis  was  the  most  common  abnormal  physical  finding. 

A  mild  leukopenia  with  a  relative  lymphocytosis  was  noted  commonly.  All 
reactions  were  short-lived  and  there  were  no  sequelae. 
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Table  II  depicts  the  number  of  individuals  responding  serologically  in 
e.ch  doLg.lU,  c»e  nuclei  of  rooctlon,  -Uhl,  o.oh  group,  A*  th. 
results  of  virus  isolation  attempts. 

JESUITS  OP  TITRATION  OF  ATTENUATED  VEE  VIRUS  QD  4-92rd  PASSAGE) 
IN  VOLUNTEERS  (6  AT  EACH  DOSE  LEVEL) . 


DOSE  OF  VACCINE 
ADMINISTERED^' 

(GPIPID50) 


NO.  WITH 

SEROLOGIC 

RESPONSE 


NO.  OF 
reactions 


NO.  WITH  VIRUS 
IN  THROAT 
WASHINGS 


NO.  WITH 
VIREMIA 


given  0.74,  0.07,  end  0.007  GPIPID50  v*™ 

In  all  4  categories. 

On  the  basis  of  HAI  response  in  this  group  of 
contained  3.4Gxl04  human  subcutaneous  ID5o/0-5  ^  s“  5  GPIPID*  /0.5  ml. 

titration  indicated  that  the  £°Yao  t^t  f«  guinea  pigs!  Since 

Thus,  infectivity  for  man  was  less  than  l/10  chat  for  gu  ^ similar  the 

s«Sp^issir  sr:  -- «-  *■ 

ference  in  route  of  administration. 

Summary: 

»  luvAtien  o£  r.rr 

tn  volunteers.  The  human  YYetncidence  ^  aignificant  pactions  to 

!TmS,  Sl  of  W  -»  »»-  .«o'o,lc.n»  experiencing 

symptoms. 
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An  in  vitro  evaluation  of  the  sensitivity  of  Pasteurella  tularensls, 
SCHU-S5  strain,  to  ampiclllin,  gentamicin,  kanamycin,  and  novobiocin  was 
made  by  quantitative  tube  dilution  studies.  Of  the  drugs  tested  ampicillin 
was  found  to  be  ineffective.  The  results  obtained  indicate  that  novobiocin 
was  bacteriostatic  while  kantmycin  and  gentamicin  were  bactericidal  for  the 
3treptomycin-reslstant  strain  of  P.  tularen3is . 

Studies  were  conducted  to  decerm.i'  £  these  observations  could  be  con¬ 
firmed  in  rhesus  monkeys  challenged  wi.n  aerosolized  SCHU-S5  P.  tularensls . 
Tetracycline,  novobiocin,  gentamicin,  and  kanamycin  were  the  therapeutic 
regimens  employed.  J.n  contrast  to  the  former  antibiotics,  kanamycin  was 
found  to  be  bactericidal  and  its  efficacy  in  treating  streptomycin-resistant 
P.  tul arensis  appears  comparable  to  that  achieved  by  streptomycin  against 
SCHU-S4  P.  tularensls  ■ 
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Project  No.  1C622401A096:  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1C622401A096-02:  Prevention  and  Treatment  of  Biological  Warfare 

Casualties 

Study  No.  -00-03:  Chemoprophylaxis  and  Therapy  of  Infectious  Diseases 

of  Potential  Biological  Warfare  Significance. 

Section  I:  Poatexposure  Treatment  of  Airborne 
Simian  Tularemia  with  Tetracycline,  Novobiocin, 
Kanamycin,  and  Gentamicin. 


Description: 

To  assess  the  effect  of  selected  antimicrobial  drugs  and  of  various  drug 
regimens  for  prophylaxis  and  therapy  of  infectious  diseases. 

Section  I.  To  develop  an  effective  schedule  of  treatment  of  simian 
tularemia. 

Progress: 

During  the  current  reporting  period,  the  antibiotic  sensitivity  of 
P.  tularensis,  SCHU-S5  strain,  to  kanamycin,  novobiocin,  ampicillin  (supplied 
by  Bristol  Laboratories),  and  gentamicin  (supplied  by  Schering  Corporation) 
has  been  evaluated  utilizing  the  tube  dilution  technique  of  Elgelsbach, 
Glesken,  and  Halstead  (MB  Div,  Quarterly  Report,  USABL,  31  Mar  1957) . 

Serial  1:2  dilutions  of  each  antibiotic,  including  streptomycin,  were 
inoculated  with  a  known  concentration  of  SCHU-S5  P.  tularensis  (supplied 
by  Dr.  H.  T.  Elgelsbach,  MB  Division,  USABL).  These  antibiotic  concen¬ 
trations  encompass  a  range  which  is  easily  achieved  in  human  serum.  All 
cultures  were  incubated  at  37  C;  at  12,  24,  48,  and  72  hr,  quantitative 
viable  counts  were  made  in  triplicate  on  plates  inoculated  with  serial 
dilutions  of  each  antibiotic  concentration.  Liquid  and  senu  -solid  "T" 
media  (Tresselt  and  Ward,  USAMU  Annual  Progress  Report,  FY  1963,  Task  No. 
03-10-03)  were  employed  throughout. 

The  results  of  these  in  vitro  studies  are  summarized  in  Table  I.  By 
comparing  the  relationship  of  growth  of  organisms  in  the  various  concen¬ 
trations  of  antibiotics  an  evaluation  can  be  made  regarding  the  bacterio¬ 
static  or  bactericidal  effect  of  a  given  antibiotic.  These  data  Indicate 
that  novobiocin  is  bacteriostatic  while  kanamycin  and  gentamicin  are 
bactericidal  for  the  streptomycin-resistant  strain  of  P.  tularensis  (Table  I). 


No  growth 


Based  on  these  findings,  experiments  were  designed  to  compare  the  effi¬ 
cacy  of  kanamycln,  gentamicin,  novobiocin,  and  tetracycliue  (the  current 
drug  of  choice)  in  the  therapy  of  simian  infection  by  the  SC'dU-S5  strain  of 
P.  tularensis . 

Forty-eight  young  adult  Macaca  mulatta.  weighing  2-3  kg  were  exposed  to 
aerosols  of  P,  tularensis  (SCHU-S5)  employing  a  modified  Henderson  apparatus. 
The  challenge  doses  ranged  from  3040  cells  to  10,160  cells.  These  monkeys 
were  challenged  at  2  different  times.  The  first  study  was  accomplished  to 
determine  the  therapeutic  efficacy  of  novobiocin  using  2  different  regimens 
of  therapy;  the  second  study  was  designed  to  compare  the  effects  of  tetra¬ 
cycline,  kanamycln,  and  gentamicin  against  the  streptomycin-resistant  strain 
of  P.  tularensis . 

In  the  novobiocin  study,  18  monkeys  were  randomly  divided  into  3  groups 
of  6  animals  each.  Two  nonexposed  monkeys  served  as  drug  controls;  and  were 
given  45  mg  of  novobiocin  orally  3  times  a  day,  at  0800,  1600  and  2400  hr 
for  17  days.  Challenged  monkeys  were  started  on  therapy,  drug  regimen  as 
above, imrediately  following  2  consecutive  rectal  temperatures  of  104.0  F 
or  one  temperature  of  106.0  F  or  greater  in  Group  I  and  72  hours  after  a 
slgnifican.  fever,  as  defined  above,  in  Group  II.  Group  III  was  not  treated. 

Therapy,  once  Initiated,  was  continued  for  a  minimum  of  21  doses .  Prior 
to  cessation  of  treatment,  animals  were  required  to  be  afebrile  for  at  least 
72  hours.  Animals  relapsing  were  treated  secondarily  for  at  least  72  hr 
following  cessation  of  fever.  Further  relapses  were  not  treated. 

Studies  on  individual  animals  Included  temperatures  twice  daily,  chest 
radiographs  on  days  3,  6,  9,  14,  and  21,  WBC,  CRP,  and  dally  weight  determi¬ 
nations  All  animals  were  bled  for  serology  on  days  7,  14,  21,  and  28, 
the  day  of  sacrifice. 

Liver,  spleen,  blood  and  brain  of  animals  dying  during  the  study  and 
survivors  at  time  of  sacrifice  were  cultured  for  P.  tularensis .  Necropsy 
results  will  be  reported  by  Pathology  Division,  TJSAMU . 

Untreated  control  animals  (Figure  1)  developed  fever  by  day  3  and 
remained  febrile  until  death.  Chest  x-rays  showed  moderate  pulmonary 
infiltrates  in  all  monkeys  by  day  6.  Positive  CRP's  appeared  at  the  same 
time  or  slightly  earlier  then  fever  and  remained  positive  until  death. 

All  specimens  cultured  at  necropsy  were  positive  for  P.  tularensis . 

All  animals  in  Group  I  developed  fever  by  day  3  (Figure  2) .  Novobiocin 
was  initiated  on  the  same  day.  Four  animals  received  21  doses,  1  received 
28,  and  another  51.  Following  institution  of  therapy,  4  animals  were 
afebrile  within  72  hr;  however,  2  continued  with  intermittent  fever  through¬ 
out  the  course  of  therapy.  All  CRP's  were  positive  by  day  3  and  negative 
by  day  8.  Five  of  6  animals  had  positive  chest  x-rays  by  day  6;  the  last 
became  positive  on  day  9. 


FI«UHE  I.  RESPONSE  OF  UNTREATED  M  HULATTA  TO  K  TULA*£NStS,  SCHU-SS. 


FIGUHE  E  RESPONSE  OF  TREATED  M  MULATTA  TO  B  TULABEHSiS,  SCHU-SO. 

NOVOBIOCIN,  ORAL,  49a«,  3X  DAILY,  STARTED  AFTER  FIRST  SIGNIF¬ 
ICANT  FEVER,  X  21  DOSES  AND  CONTINUING  72  HOURS  AFEBRILE. 


148 


Clinical  relapse,  as  evidenced  by  rec..rr“‘ce  oi  fever,  occ  rred  l.i  5  of  6 
animals  following  cessation  of  treatment  ?wc  of  the  5  w-r=  retreated  a-j 
each  relapsed  again  followtrg  cessation  of  therapy.  P.  t lare-.s  f-  was  recovered 
from  the  lungs  of  2  monkeys  and  from  blood  of  another  at  the  time  of  sa  rifles 

Novobiocin  was  delayed  until  72  hr  following  a  significant  temperature 
elevation  (vide  supra)  in  animal®  comprising  Group  JI .  The  monkeys  were  febrile 
by  day  2  and  therapy  was  begun  on  day  6  (Fig  .re  3) .  One  animal  died  after  only 
2  doses  of  novobiocin,  another  received  24  doses  and  the  remaining  4  animals 
received  21  doses.  Following  completion  of  therapy  febrile  relapses  occurred 
in  the  5  surviving  monkeys.  Two  were  retreated  but  again  relapsed  when  novo¬ 
biocin  was  stopped.  One  of  the  3  untreated  relapsed  animals  succumbed  to  the 
infection.  Extensive  pulmonary  infiltrates  were  seen  in  all  survivors  by  day  6. 
Cultures  taken  from  animals  dying  during  the  course  of  the  study  were  all  posi¬ 
tive  for  P.  tularensis  whereas  positive  cultures  were  found  in  only  2  of  the  4 
survivors  at  time  of  sacrifice.  The  organism  was  recovered  from  tne  lungs  of 
each  and  in  one  from  brain  and  spleen  as  well. 

In  the  second  study,  kanamycin  and  gentamicin  were  evaluated  in  the  therapy 
of  streptomycin-resistant  P.  tularensis  infection.  The  efficacy  of  these  anti¬ 
biotics  was  compared  with  the  current  drug  of  choice,  tetracycline. 

Thirty-six  M.  mulatta  were  employed  in  this  study  and  were  grouped  as 
follows: 

Group  A  -  6  animals  as  untreated  controls. 

Group  B  -  6  animals  as  drug  controls  (2/antibiotic) 

Group  C  -  8  animals  treated  orally  3  times  a  day  with  75  mg  of  tetracycline 

Group  D  -  8  animals  treated  IM  3  times  daily  with  3  mg  of  gentamicin 

Group  E  -  8  animals  Created  as  in  Group  D  with  30  mg  of  kanamycin 

The  criteria  for  initiation  and  stepping  therapy  with  these  drugs  were  the 
same  as  those  employed  Jn  the  novobiocin  study.  Drugs  were  administered  at 
0800,  1600,  and  2400  hr.  Dose  levels  employs  d  were  given  on  3  weight  basis  to 
achieve  therapeutic  levels  comparable  to  these  required  for  man. 

The  untreated  control  animals  (Group  A)  responded  in  a  similar  manner  to 
those  shown  in  Figure  1  (novobiocin  study).  Adverse  effects  were  not  observed 
in  those  animals  serving  as  drug  controls  (Grout  B) . 

Postchallenge  observations  include i  tamper  atur-.s  twice,  dai.lv,  weekly  chest 
roentgenograms,  and  serologic  response  at  7-iay  intervals.  Attempts  were  made 
to  recover  P.  tularensis  from  animals  that  die.l  during  the  study  as  well  as 
those  sacrificed  28  days  postchallenge. 

The  tetracycline-treated  monkeys  (Group  C)  (Figure  4)  were  febrile  v/  day 
3  at  which  time  therapy  ws3  initiated.  Within  43  hours  all  were  afebrile  and  ■ 
with  the  exception  of  1  animal  remained  so  d  ring  tb-  course  of  treatment. 
Clinical  relapses  occurred  in  all  tic-keys  within  5  days  following  completion 


FIGURE  3.  RESPONSE  OF  TREATED  M  MULATIX  TO  If  TVLAFENSIS,  SCHU-S9. 

NOVOBIOCIN,  ORAL,  4Smg,  3X  OAILY,  STARTED  72  HOURS  AFTER  FIR 
SIGNIFICANT  FEVER,  X  21  DOSES  AND  CONTiNUHM  72  HOURS  AFEBRI 


FIGURE  4.  RESPONSE  OF  TREATED  M.  UULATTA  TO  P.  TULAPENS/S,  SCHU-S5 
TETRACYCLINE,  ORAL,  45mq,  3X  DAILY,  STARTED  AFTER  FIRST 
SIGNIFICANT  FEVER,  X  21  DOSES,  AND  CONTINUING  72  HOURS  AFEBRILE 


of  the  therapeutic  regimen.  Radiographic  evidence  of  pulmonary  involvement 
was  not  seen.  No  deaths  occurred;  however,  P.  tularensis  was  isolated  frcm 
the  lung  of  1  animal  at  time  of;  sacrifice. 

The  monkeys  that  received  gentamicin  (Group  D)  (Figure  5)  became  febrile 
at  the  same  time  as  those  treated  with  tetracycline.  In  contrast  to  the 
tetracycline-treated  group,  feVer  persisted  from  3-5  days  following  the 
onset  of  treatment.  Radiographic  examination  of  the  chest  revealed  pulmonary 
infiltration  in  6  of  the  8  animals.  Seven  of  8  animals  experienced  clinical 
relapse  following  cessation  of  gentamicin  therapy.  None  of  the  animals  died 
and  when  sacrificed  on  day  28  £.  tularensis  could  not  be  recovered. 

j 

The  efficacy  of  kanamycin  in  treating  streptomycin-resistant  simian 
i  tularemia  appears  comparable . 

Animals  in  Group  E,  kanamycin  therapy  were  also  ill  by  day  3  as  illus- 
! trated  in  Figure  6.  Therapy  was  initiated  at  this  time.  All  animals  were 
afebrile  after  48  hr  treatment..  Although  a  low  grade  fever  occurred  in  2 
animals  during  treatment,  clinical  relapses  did  not  occur  in  any  kanamycin- 
treated  animal.  With  the  exception  of  1  monkey,  all  chest  x-rays  were 
within  normal  limits  during  the  study.  On  day  6  postchallenge  the  radio¬ 
graph  of  this  monkey  revealed  a  moderate  pulmonary  infiltration.  All 
animals  survived  and  were  sacrificed  on  day  28.  All  cultures  were  negative 
for  P.  tularensis  . 


An  in  vitro  evaluation  of  the  sensitivity  of  P.  tularensis.  SCHU-S5 
strain  to  mpicillin,  gentamicin,  kanamycin,  and  novobiocin  was  made  by 
quantitative  tube  dilution  studies.  Of  the  drugc  tested  ampicillin  was 
»found  to  be  ineffective.  The  results  obtained  indicated  that  novobiocin 
was  bacteriostatic  while  kanamycin  and  gentamicin  were  bactericidal  for 
the  streptomycin-resistant  strain  of  P.  tularensis . 

Studies  were  conducted  to  determine  if  these  observations  could  be 
confirmed  in  rhesus  monkeys  challenged  with  aerosolized  SCHU-S5  P.  tula- 
ren8ls .  Tetracycline,  novobiocin,  gentamicin,  and  kanamycin  were  the 
therapeutic  regimens  employed.  In  contrast  to  the  former  antibiotics, 
kanamycin  was  found  to  bo  bactericidal  and  its  efficacy  in  '•resting 
streptomycin-resistant  P.  tularensis  appears  comparable  to  that  achieved 
by  streptomycin  against  SCHU-4  P.  tularensis . 
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FIGURE  5.  RESPONSE  OF  TREATED  V.  MULATTA  TO  P  TULARE N SI S ,  SCHU-S5. 

GENTAMYCIN,  IM,  3wg,  3X  DMLY,  STARTED  AFTER  FIRST  SIGNIFICANT 
FEVER,  X  21  DOSES  AND  CONTINUING  72  HOURS  AFEBRILE, 


FIGURE  6.  RESPONSE  OF  TREATED  M.  MULATTA  TO  P  TULARENSIS,  SCHU-S3 
KANAMYCIN,  IM,  30mg,  3X  DAILY,  STARTED  AFTER  FIRST  SIGNIFICANT 
AND  CONTINUING  72  HOURS  AFEBRILE. 
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Interrupted  and  continuous  courses  of  tetracycline  have  been  evaluated 
in  the  treatment  and  postexposure  prophylaxis  of  experimental  respiratory 
tularemia  in  volunteers.  For  treatment  An  interrupted  course  of  tetra¬ 
cycline  was  effective  in  achieving  and  maintaining  well-being  without  later 
major  symptomatic  relapse.  This  regimen  of  4.0  gm  in  divided  doses  on  day  1 
followed  by  4  days  of  0.5  gm  each  6  hr;  3  days  without  drug;  3  days  of  0.5  gm 
each  6  hr;  another  3  dayB  off  drug;  and  finally  0.5  gm  at  6-hr  intervals  for 
5  additional  days.  Variations  of  this  sche  tie  and  continuous  treatment  for 
10  days  were  noticeably  deficient  either  beca  of  illness  between  courses 
of  treatment  or  by  relapse  following  treatment. 

Continuous  administration  of  tetracycline,  0.5  gm  twice  dally,  for  28 
and  for  42  days  prevented  later  onset  of  tularemia,  but  207.  of  subjects  were 
more  or  less  disabled  for  a  short  time  by  symptoms,  possibly  related  to 
tularemia,  during  the  course  of  tetracycline.  Intermittent  tetracyciine, 

0.5  gm  twice  on  every  other  day  over  a  19-day  period,  failed  to  prevent 


subsequent  development  of  overt  illness. 

An  unusual  incidence,  4  of  8  subjects,  of  photoallergy  presumably 
related  to  tetracycline  followed  one  particular  interrupted  schedule 
of  administration. 
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To  assess  the  effect  of  selected  antimicrobial  drugs  and  of  various  drug 
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Section  IT.  To  develop  an  effective  schedule  of  tetracycline  treatment 
and  poatexposure  prophylaxis  of  human  respiratory  tularemia. 

Progress: 

Broad  spectrum  antibiotics  are  effective  for  treatment  of  acute  tularemia. 
Their  use  is  complicated,  however,  by  frequent  relapses  following  cessation 
of  treatment,  especially,  it  is  said,  when  treatment  is  instituted  early  in 
the  illness.  When  employed  during  the  incubation  period  rhort  courses  of 
broad  spectrum  drugs  do  not  prevent  disease  but  simply  delay  its  onset  for 
the  period  of  treatment .  Both  phenomena  apparently  are  related  to  the 
bacteriostatic  effect  of  these  drugs  upon  Pasteurella  tularensis;  organism 
multiplication  is  suppressed  and  bacterial  numbers  remain  beneath  the 
threshold  for  clinical  disease  but  are  not  eliminated  from  the  host  by  anti¬ 
biotic  action.  In  tularemia,  as  in  other  intracellular  parasitic  infections 
such  as  scrub  typhus,  Q  fever  and  typhoid,  the  capacity  of  host  mechanisms 
to  clear  the  parasitic  burden  is  limited,  especially  early  in  disease.  Last 
year's  studies  in  monkeys  described  efforts  to  adapt  concepts  of  intermittent 
administration  of  bacteriostatic  agents  which  have  proven  efficacious  in 
other  examples  of  intracellular  parasitism  to  tularemia  (USAMU  Annual'  Prog-  as 
Report,  FY  1963).  The  efforts  were  not  completely  successful.  The  best  of 
the  regimens  were,  however,  considered  sufficiently  encouraging  to  warrant 
extension  of  the  studies  to  man  with  some  modifications  of  schedule  of  drug 
administration.  The  work  on  both  prophylaxis  and  therapy  during  the  reporting 
period  was  performed  in  2  separate  experiments;  a  third  study  is  in  progress 
and  will  be  discussed  only  in  terms  of  its  relation  to  completed  work. 

Initally  2  separate  programs  of  prophylaxis  were  examined.  Sixteen 
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volunteers  inhaled  27,000  (ranse  24,000-34,000)  viable  cells  of  P.  tularensls , 
SCHU-S4  strain,  employing  a  modified  Henderson  apparatus.  Beginning  24  hr 
after  exposure  half  received  0.5  gm  tetracycline  twice  daily  for  42  daya . 

The  remaining  8  began  at  the  same  time  a  course  consisting  of  0.5  gm  tetra¬ 
cycline  twice  on  odd  numbered  days,  ,i.e.  1,  3,  5,  etc.  for  19  days.  To  make 
the  results  more  meaningful  in  terms  of  ability  to  perform  duties  all  volun¬ 
teers  worked,  unless  symptomatic,  at  their  normal  military  assignment  through¬ 
out  the  prophylaxis  period. 

Of  men  receiving  drug  every  other  day,  5  escaped  illness  during  the 
period  of  tetracycline  administration  but  3  volunteers  experienced  symptoms 
and  fever.  One  man  had  fever  to  101  F  and  moderate  symptoms  compatible  with 
typhoidal  tularemia  days  5-7  but  then  returned  to  well-being.  A  second  was 
similarly  affected  (fever  to  102  F)  days  6-8.  These  two  men  missed  work 
during  the  period  of  symptoms.  The  third  subject  worked  throughout  the  period 
of  prophylaxis  but  comparison  of  his  temperature  curve  with  that  before  and 
after  suggests  he  may  have  had  very  low  grade  fever  (100  to  100.4  F)  during 
the  course  of  tetracycline.  Following  cessation  of  tetracycline  7  men  de¬ 
veloped  typical  typhoidal  tularemia  (5  on  day  3  off  drug  and  2  on  day  4) . 

They  were  sufficiently  ill  to  require  treatment,  in  this  case  with  strepto¬ 
mycin.  The  8th  subject  had  no  fever  but  complained  repeatedly  of  retro¬ 
sternal  cheat  pain.  Chest  films  and  efforts  to  isolate  P.  tularensls  were 
negative.  Erythrocyte  sedimentation  rates  were  borderline  elevated.  Finally 
on  the  23rd  day  off  tetracycline,  he  was  begun  on  streptomycin  with  rapid 
remission  of  symptoms.  Bacterial  agglutinins  were  present  in  the  serum  of 
all  subjects,  though  in  low  titer  (range  1:10  to  1:80),  at  the  time  tetra¬ 
cycline  was  terminated.  Titers  further  increased  in  all  to  1:80  to  1:640, 

6  weeks  after  exposure. 

Dally  administration  of  tetracycline  for  42  days  proved  more  successful 
as  a  prophylactic  program.  Two  subjects  experienced  low  grade,  non-specific 
symptoms,  lassitude,  vague  myalgia,  malaise,  and  mild  cephalalgia,  together 
with  flattening  of  diurnal  temperature  variation  for  3  and  8  days  during 
the  course  of  tetracycline.  Or.e  didn't  feel  like  working  for  3  of  the  8 
days  he  had  such  symptoms.  The  remaining  men  remained  completely  well. 
Following  ceasation  of  tetracycline  uc  evidence  of  illness  was  detected  in 
any  of  the  volunteers.  Bacterial  agglutinins  were  not  detected  at  any  time 
in  sera  from  7  of  these  subjects,  including  the  man  experiencing  symptoms. 

This  latter  observation  perhaps  added  support  to  the  ciinic-l  feeling  at 
the  time  that  the  symptoms  during  tetracycline  treatment  were  unrelated  to 
tularemia.  One  man  had  a  low  agglutinin  titer  (1:10)  2  weeks  following 
exposure  which  remained  essentially  unchanged  9  weeks  later. 

The  success  of  the  42-day  prophylaxis  led  to  testing  of  a  shorter 
schedule,  28  days  in  the  second  set  of  studies.  The  inhaled  dose  of 
P.  tularensls  was  similar  to  that  of  Phase  I,  23,000  (range  17,600  to 
28,600)  viable  cells.  One  of  the  8  volunteers  stated  he  was  not  feeling 
completely  well  on  days  8,  9,  and  13-15.  These  symptoms  were  associated 
with  loss  of  diurnal  temperature  variation  but  his  peak  temperatures  were 


not  elevated;  the  other  7  men  remained  well.  All  8  men  remained  completely 
well  after  tetracycline  was  discontinued.  Serological  studies  are.  in  progress 

An  examination  of  the  efficacy  of  a  14-day  course  of  tetracycline  prophy¬ 
laxis,  0.5  gm  twice  daily  beginning  24  hr  after  exposure  is  i:»  progress.  It 
is  notable  that  one  volunteer  had  headache,  myalgia  and  malaise  compatible 
with  typholdal  tularemia  accompanied  by  fever  (to  101.4  F)  from  days  7-11 
while  receiving  tetracyr’ ine  . 

These  results  together  with  those  obtained  employing  monkeys  imply  that 
postexposure  prophylaxis  of  respiratory  tularemia  with  broad  spectrum  anti¬ 
biotics  is  of  but  limited  practical  value.  Considerable  quantities  of  drug 
and  relatively  prolonged  courses  seem  to  be  necessary.  Moreover,  symptoms 
sufficient  to  reduce  work  capacity  occurred  in  207.  (4  of  20)  of  the  volunteers 
during  the  time  they  were  receiving  daily  tetracycline;  it  is  not  certain, 
however,  whether  these  were  incidental  or  related  to  tularemia.  It  la  worth 
considering  in  the  event  of  potential  exposure  that  in  many  cases  it  :ld  be 
perhaps  more  efficient  in  terms  of  drug,  time  and  trouble  to  allow  Illness  to 
develop  and  to  begin  treatment  early,  before  disability  becomes  significant. 

The  lnitJal  phase  of  evaluation  of  tetracycline  therapy  Involved  only  6 
subjects.  Inhaled  doses  were  27,000  viable  cells  of  P.  tularensls,  SCHU-S4. 
After  illness  was  well  established,  JL.e.  12  to  24  hr  of  fever  and  typical 
symptomatology,  they  were  divided  at  random  into  2  treatment  groups .  Three 
men  were  treated  with  4  gm  tetracycline  in  divided  doses  the  first  day 
followed  by  0.5  gm  every  6  hours  for  9  additional  days.  Initial  response  was 
excellent.  Relapses  of  sufficient  severity  to  require  therapy  occurred,  how¬ 
ever,  in  each  beginning  5,  7  and  8  days  after  termination  of  tetracycline. 

The  other  3  men  as  well  as  7  men  from  the  second  experiment  (inhaled  dose 
of  £.  tularensls  was  23,000  viable  cells)  received  interrupted  tetracycline 
treatment:  1  gm  every  6  hr  the  first  day  then  0.5  gm  every  6  hr  the  next  4 
days;  3  days  without  drug;  5  days  of  0.5  gm  each  6  hr;  3  days  off  drug;  and 
a  final  5  days  of  0.5  gm  every  6  hr.  The  10  men  responded  well  initially  and 
remained  well  during  the  total  treatment  period.  Eight  volunteers  remained 
completely  free  of  illness*  following  cessation  of  treatment.  Two  men  ex¬ 
perienced  transient,  mild  illness  which  resolved  without  additional  treatment. 
One  of  these  had  low  gradej  fever  (to  100.4  F)  without  symptoms  the  5th  and  6th 
day  after  the  end  of  the  treatment.  The  2nd  subject  had  mild  '•ymptoms  and 
slight  fever  (maximum  of  101  F)  from  3-9  days  after  the  last  drug.  Thus,  the 
interrupted  schedule  of  tetracycline  treatment  begun  early  in  the  cc-roa  of 
typholdal  tularemia,  though  imperfect,  prevented  ?iajor  symptomatic  relapse  in 
10  subjects . 

To  assess  the  importance  of  the  various  elements  of  the  interrupted  regimen, 
2  additional  schedules,  considered  as  controls,  are  currently  under  study. 

One  consists  of  X  gm  tetracycline  every  6  hr  the  firsc  day  of  treatment  then 
0.5  gm  every  6  hr  for  14  more  days;  this  schedule  includes  the  -2r».  total 
quantity  of  drug  as  the  interrupted  program  but  administered  continuously  over 


a  shorter  time.  The  other  is  the  same  except  that  the  treatment  period  is  for 
a  total  of  21  days,  the  same  overall  duration  as  the  interrupted  regimen  t.t 
giver,  continuously  and  involving  more  drug. 

These  results  will  be  of  importance  in  the  overall  evaluation  of  an  inter 
rupted  treatment  schedule  for  treating  typhoidai  tularemia  with  broad  spectra, 
antibiotics  without  relapse. 

A  variant  of  the  primary  interrupted  schedule  of  tetracycline,  vide  supra, 
was  evaluated  in  the  second  study.  The  concept  under  test  was  that  5-day 
courses  of  drug  (each  as  in  the  primary  regimen)  would  be  repeated  as  often 
as  necessary  (not  exceeding  3  courses)  to  keep  men  fully  functional.  The  8 
subjects  inhaled  23,000  (range  17,600  to  28.600)  viable  cells  of  P.  tularens^s , 
SCHU-S4.  Treatment  was  first  instituted  shortly  after  clinical  illness  ap¬ 
peared.  The  men  were  evaluated  by  one  physician  of  the  Division  once  daily 
and  oftener  as  necessary  employing  only  such  facilities  as  would  be  available 
in  an  aid  station  (the  Ward  Officer  monitored  the  study  employing  all  avail¬ 
able  facilities)  .  The  "aid-station"  physician  had  had  some  casual  experience 
with  tularemia  while  in  the  unit  but  had  never  previously  managed  cases.  He 
was  told  to  re-treat  individuals  as  soon  as  he  thought  it  desirable  in  order 
to  keep  them  in  duty  status.  All  8  volunteers  required  a  second  5-day  cou-se 
of  tetra' ycline,  Instituted  the  4th  day  off  drug  in  2  and  the  5th  day  off 
drug  in  6.  Despite  the  best  Intentions  of  the  "aid-statior."  physician  the 
onset  of  relapse  was  frequently  so  rapid  that  he  was  unable  to  anticipate 
overt  illness  sufficiently  to  prevent  disability.  A  third  5-day  course  of 
tetracycline  was  required  in  6  subjects  because  of  a  2nd  relapse,  3  on  the 
4th  and  3  on  che  5th  day  off  drug.  The  other  2  volunteers  experienced  mild, 
non-disabling  relapses  at  the  s«ae  time  but  recovered  without  drug.  No 
further  relapses  were  observed,  however,  in  the  man.  Thus,  the  attempt  to 
conserve  drug  by  employing  multiple  short  courses  of  tetracycline,  as  in  the 
primary  interrupted  program,  but  administering  them  in  anticipation  of  re¬ 
lapse  rather  than  on  schedule  was  noticeably  ineffective.  The  "anticipation" 
was  insufficiently  accurate  under  better  than  average  circumstances  to  main¬ 
tain  good  health.  Moreover,  no  significant  saving  in  drug  was  affected — 

256  gm  for  8  men  with  the  primary  program  vs  236  gm  for  the  variation  under 
discussion.  This  regimen  was  complicated  by  the  development  of  photoallergic 
eruption  in  4  of  the  8  volunteers,  presumably  related  to  tetracycline.  Such 
a  high  incidence  in  one  group  was  truly  remarkable  as  a  similar  number  of 
subjects  on  the  primary  interrupted  regimen  at  the  same  tiua,  as  well  as  our 
total  previous  experience,  had  not  resulted  in  a  single  such  case.  The 
particular  timing  of  repeated  short  courses  of  tetracycline  employed  here 
is  unusual  in  therapeusis  and  it  might  be  suggested  that  it  is  an  optimal 
one  for  induction  of  a  rare  complication  of  tetracycline  administration, 
photoallergy . 

Sunmary  and  Conclusions: 


Interrupted  and  continuous  courses  of  tetracycline  have  been  evaluated 
in  the  treatment  and  pcstexposure  prophylaxis  of  experimental  respiratory 
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tularemia  in  volunteers.  For  treatment  an  interrupted  course  of  tetracycline 
was  effective  in  achieving  and  maintainirj  well-being  without  later  major 
symptomatic  relapse.  This  regimen  of  4.0  gm  in  divided  doses  on  day  1  followed 
by  4  days  of  0.5  gm  each  6  hr;  3  days  without  drug;  5  days  of  0.5  gm  each  6  hr; 
another  3  days  off  drug;  and  finally  0.5  gm  at  6-hr  intervals  for  5  additional 
days.  Variations  of  this  schedule  and  continuous  treatment  for  10  days  were 
noticeably  deficient  either  because  of  illness  between  courses  of  treatment  or 
by  relapses . 

Continuous  administration  of  tetracycline,  0.5  gm  twice  daily,  for  28  and 
for  42  days  prevented  later  onset  of  tularemia,  but  207.  of  subjects  were  more 
or  less  disabled  for  a  short  time  by  symptoms,  possibly  related  to  tularemia, 
during  the  course  of  tetracycline.  Intermittent  tetracycline,  0.5  gm  twice 
on  every  other  day  over  a  19  day  period,  failed  to  prevent  subsequent  develop¬ 
ment  of  overt  illness. 

An  unusual  Incidence,  4  of  8  subjects,  of  photoallergy  presumably  related 
to  tetracycline  followed  one  particular  interrupted  schedule  of  administration. 
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Adult  female  guinea  pigs  were  infected  with  a  known  concentration  of 
tetanus  spores .  When  an  overwhelming  dose  of  50, 000-100, 000  spores  were 
used,  oxytetracycline  even  in  large  doses  failed  to  3hcw  a  protective 
effect . 

With  a  dose  of  10,000  spores,  a  definite  protective  effect  was  obtained 
manifested  by  delay  in  onset  of  symptoms,  development  of  local  tetanus  only, 
and  complete  recovery  of  all  animals. 
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Description: 

To  assess  the  effect  of  selected  antimicrobial  drugs  and  of  various  drug 
regimens  for  prophylaxis  and  therapy  of  Infectious  diseases. 

Section  III.  To  study  the  efficacy  of  antibiotic  aaminlstration  for 
prophylaxis  of  tetanus  in  uninmunized  individuals. 

Progress: 

Active  immunization  with  tetanus  toxoid  provides  effective  protection  from 
tetanus .  For  uninmunized  individuals  who  incur  a  wound,  prophylaxis  is  dependent 
upon  passive  protection  through  the  administration  of  equine  or  bovine  tetanus 
antitoxin.  Because  of  the  high  incidence  of  serious  side  effects  associated 
with  the  use  of  antitoxin,  a  superior  method  of  prophylaxis  is  needed. 

Oxytetracycline  has  been  shown  to  inhibit  the  growth  of  Clostridium  tetanl 
in  vitro  and  in  '  Vvo.  Its  use  as  tetanus  prophylaxis  is  the  subject  of  these 
studies.  Previot.  \  studies  at  this  installation  (USAMU  Annual  Progress  Report, 
1963)  using  a  meat  base  suspension  of  tetanus  spores  have  shown  that  oxytetra- 
cycline  has  a  protective  effect  in  rabbits.  In  this  study,  a  closer  approxi¬ 
mation  of  .  ne  u-_al  Clinical  situation  was  achieved  by  the  use  of  a  saline 
suspe.  siou  of  krfbwn  concentration  of  tetanus  spores. 

Tetanus  organisms  were  inoculated  into  tubes  of  Bacto  cooked  meat  media 
and  incubated  at  37  C  for  72  hr.  The  supernatant  fluid  from  all  tubes  was 
combined  and  centrifuged  for  30  minutes  at  2000  F.FM.  The  sediment  war  re¬ 
suspended  in  sterile  saline,  and  heated  at  65  C  for  30  minutes  to  kill  vege¬ 
tative  forma  and  inactivate  any  toxin  present.  Serial  dilution  studies  using 
Brewer's  anaerobic  agar  plates  revealed  a  concentration  of  106  spores/ml  of 
suspension . 

Tetanus  was  induced  in  adult  female  guinea  pigs  by  intramuscular  (IM) 
inoculation  into  the  right  hind  leg  with  Cl.  tetani  spores  in  a  volume  of 
0.1  ml  mixed  with  an  equal  volume  of  a  57.  CaCl2  solution.  The  CaCl2  aided 
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the  germination  and  multiplication  of  the  organisms  by  producing  slight  tissue 
damage  at  the  injection  site  Injection  of  CaCl2  solution  alone  produced  no 
apparent  local  or  systemic  effects. 

The  guinea  pigs  were  divided  into  groups  based  on  the  number  of  tetanus 
spores  and  the  dose  of  oxytetracycline .  Treatment  was  given  IM  into  the  left 
hind  leg  in  one  daily  doe  2  beginning  immediately  after  injection  of  the  tetanus 
spores.  A  total  of  3  or  5  injections  at  24-hr  intervals  was  given.  Survivors 
were  observed  for  31  days. 

The  course  of  the  disease  and  symptomatology  were  fairly  constant  with  the 
first  symptoms  appearing  about  48  hr  postinoculation.  The  first  sign  of  the 
disease  was  stiffening  cf  the  inoculated  leg  which  remained  extended  and 
dragged  behind  the  animal,  .'.s  the  disease  progressed,  both  hind  quarters  be¬ 
came  paralysed,  the  animal  evidenced  hyperirritability,  developed  opisthotonus 
with  clonic  spasms,  and  died  1-3  days  after  onset  of  symptoms. 

The  results  of  treatment  are  shown  in  Table  I.  Oxytetracycline  even  in 
large  doses  failed  to  provide  protection  against  an  overwhelming  inoculum 
(50,000-100,000)  of  tetanus  spores.  When  a  dose  cf  10,000  spores  was  used, 
onset  of  symptoms  was  delayed  (3-6  days)  in  all  animals.  These  animals 
developed  mild  to  moderate  local  tetanus  (stiff  leg)  but  the  disease  did  not 
become  generalized.  Complete  recovery  occurred  in  1-4  weeks. 

A  study  is  in  progress  to  see  if  the  development  of  local  tetanus  can 
be  prevented  by  a  twice  daily  treatment  regimen  resulting  in  a  more  constant 
blood  level  of  oxytetracycline.  Further  studies  are  planned  to  determine 
how  long  after  infection  treatment  can  be  started  and  still  be  protective. 

Summary  and  Conclusions: 

Adult  female  guinea  pigs  were  infected  with  a  known  concentration  of 
tetanus  spores.  When  an  overwhelming  dose  of  50,000-100,000  spores  was 
used,  oxytetracycline  even  in  large  doses  failed  to  3how  a  protective  effect. 

With  a  dose  of  10,000  spores,  a  definite  protective  effect  was  obtained 
manifested  by  delay  in  onset  of  symptoms,  development  of  local  tetanus  only, 
end  complete  recovery  of  all  animals . 

Publications: 


None . 


TABLE  I.  EFFECT  OF  QXYTETRACYCLINE  PROPHYLAXIS  ON  EXPERIMENTAL  TETANUS  IN 
FEMALE  GUINEA  PIGS 


CHALLENGE 

Cl .  Tetani 
Sporea 

OXYTETRACYCLINE 
PROPHYLAXIS 
tns/kg  for  3  days 

ONSET  OF 

TETANUS 
no ./total 
<48  hr  >48  hr 

SURVIVORS 

None 

6/6 

0 

20 

6/6 

0 

100, 000 

20  (for  5  days) 

6/6 

0 

30 

12/12 

0 

60 

2/2 

0 

50,000 

30 

2/2 

0 

60 

2/2 

0 

10,000 


None 


5/6 
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Living  vaccine  strain  (LVS)  of  Pasteurella  tuljrenals ,  anthrax  protective 
antigen  (APA) ,  tetanuc-diphtharia  (TD)  toxoids,  and  smallpox  (BMP)  vaccine 
were  used  alone  and  in  combination  to  immunize  guinea  pigj. 

The  addition  of  LVS  to  APA  in  a  single  subcutaneous  injection  was  found 
to  enhance  markedly  the  protective  effect  of  APA  against  anthrax  without 
seriously  interfering  with  the  protective  action  of  the  LVS  against  tularemia. 

Neither  TD  nor  SMP  interfered  with  the  ability  of  APA  to  protect  against 
subsequent  anthrax  challenge.  However,  both  the  TD  and  the  SMP  reduced  the 
protective  effect  of  LVS  against  tularemia  challenge. 

The  enhancement  of  the  protection  against  anthrax  by  APA  -as  found  to  be 
greater  when  the  LVS  and  APA  were  mixed  prior  to  administration  than  when 
they  were  administered  simultaneously  but  at  sep.  ~ate  sites. 

LVS  and  APA  administered  percutaneously  protected  against  tulaiemic  but 
not  against  anthrax.  However,  when  a  subcutaneous  injection  of  APA  alone  Was 
given  one  month  after  the  percutaneous  LVS-APA  vaccination,  markedly  enhanced 
protection  against  subsequent  subcutaneous  anthrax  challenge  was  afforded. 

Diptheria  and  tetanus  antitoxin  levels  in  the  sera  of  guinea  pigs  given 
one  injection  of  various  combinations  of  TD,  LVS,  and  APA  were  found  to  be 
increased  over  the  levels  achieved  with  TD  alone.  The  increase  was  10-fold 
for  diphtheria  but  was  less  marked  and  less  consistent  for  tetanus. 
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Casualties 

Study  No.  *00-04:  Studies  in  Combined  Antigens 

Description: 

To  determine  the  feasibility  of  combining  various  antigens  and  to  estab¬ 
lish  the  best  means  by  which  to  effect  and  use  such  combinations. 

Progress: 

The  combining  of  antigens  for  the  purpose  of  reducing  the  number  of 
required  injections  began  in  the  early  years  of  this  century  with  work  on 
typhoid  end  paratyphoid  A  and  B  vaccines,  notably  by  such  workers  ae  Widal 
and  Castellanl  (Brit  Med  J  2:356,  1917).  TAB,  as  the  combined  vaccine  came 
to  be  called,  was  virtually  a  routine  immunizing  agent  among  the  armies  of 
World  War  1.  During  the  decade  after  the  war  Ramon  and  Zoeller  (Internet 
Clin  1  (MS):  2,  1939)  reported  that  TAB  enhanced  the  Immunologic  response 
to  both  tetanus  and  diphtheria  toxoids  vhen  administered  in  combination  with 
these  materials.  This  discovery  j-ddad  a  new  and  cogent  reason  with  combining 
antigens. 

brace  the  original  work  of  Ramon  and  Zoeller,  further  studies  by  them 
and  by  others  have  resulted  in  the  routine  use  of  such  combinations  as  TAB, 
tetanus  and  diphtheria  toxoids;  diphtheria-tetanus  toxoids,  pertussis,  and 
polio;  smallpox  and  yellov  fsver  (Dakar);  and  influensa  and  adenovirus. 

In  recent  years  the  Russians  have  been  most  active  In  the  field  of  com¬ 
bining  antigens,  using  s  wide  range  of  materials,  including  living  organisms, 
and  generally  reporting  success.  The  most  ambitious  Russian  combination 
reported  to  date  has  been  the  polyvalent  vaccine  of  tha  Scientific  Research 
Testing  and  Medical  Institute  (NZISI)  containing  TAB,  Vibrio  choleras , 
Shigella  dysenterlae .  Shigella  flexneri,  Clostridium  tetani .  CIog*Tidltin 
botullnua  A,  B,  and  R,  Clostridium  novyi ,  and  Clogtridivia  ernrir  Ingens.' 

This  material  has  been  stated  by  Aleksandrov  and  Gafen~*yActlve  Specific 
Prophylaxis  of  Infectious  Diseases  and  Its  Improvement ,  Moscow,  1962)  to 
be  highly  effective  in  humans  except  for  the  Ci .  par fringe ns  component. 

The  Russian  workers  Saltykov  and  Zemskov  (Zli  Mlkrobisl  (Engl)  31:653, 

1960)  have  combined  Cl.  botullnua  A  and  B,  Cl,  perfrlngens ,  and  Cl.  novyi 
with  living  Pasteurella  pestla  and  Pas tauralla  tularensia  and  used  it  with 
reported  success  in  animals.  This  combination  of  living  organisms  with 
chemical  vaccines  or  toxoids  is  the  only  such  combination  known  to  us  prior 
to  the  work  reported  here. 


J,,„  ■  Si 


Of  the  4  material*  used  in  the  present  studies,  tetanus  and  diphtheria 
toxoids  In  combination  and  smallpox  vaccine  have  been  standard,  routine 
Immunizations.  Living  vac_ir>«  strain  of  P.  tularensl*  has  been  a  special 
purpose  vaccine,  and  la  generally  accepted  as  effective  both  in  the  United 
States  and  Russia.  Anthrax  protective  antigen,  also  a  special  purpose 
vaccine,  has  not  bean  studied  in  humans  to  the  same  extant  as  has  LV8, 
although  avldanca  from  U.  S.  woolen  mills  suggest  that  it  has  some  pro¬ 
tective  effect.  The  Russian  anthrax  preparation  is  a  living  spore  sus¬ 
pension  from  an  attanuated  strain  of  Bacillus  anthracis,  end  It  Is  one 
of  the  few  materials  which  the  Russians  themselves  have  admitted  to  be 
relatively  ineffective. 

Animals:  Hartley  strain  guinea  pigs  of  400  gm,  individually  identi¬ 
fied,  were  used  in  all  experiments. 

Vaccines  and  Iwaainlzatlon  Procedures:  The  vaccines  used  singly  or 
in  cosdiinatlon  were  as  follows: 

1.  Anthrax  protective  antigen  (APA)  wea  commercially  produced 
materiel  (J  Beet  85:230,  1963).  It  was  made  available  to  ua  through  the 
kindness  of  Or.  G.  C.  Wright,  USABL.  In  soms  instances  the  A2SA  wea 
washed  end  reeuepanded  in  order  to  remove  the  1:40,000  benico then  1  urn 
chloride  praeervetive. 

2.  The  tuleremie  vaccine  wee  living  attenuated  strain  (LVS) 

(J  Infect  Pi*  91:86,  1952). produced  by  USABL  end  the  Rational  Drug  Co. 

3.  The  tetanus-diphtheria  (TO)  toxoids  warts  the  standard 
combined  materials  for  adult  (Rational  Drug  Co.). 

* .  The  smallpox  (SMP)  vaccina  wea  the  standard  free so -dr ltd 
material  (Wyeth  Laboratories). 

Immunization  wee  by  either  the  subcutaneous  (SC)  or  percutaneous 
(PC)  routes.  With  the  former,  the  dose  varied  from  0.5-1 .0  ml  while 
with  the  latter,  the  multiple  pressure  (30  tines)  method  was  used. 


In  experiment  No.  3  one  group  of  animals  wea  given  SC  LVS  end  APA 
simultaneously,  but  at  separate  sites.  Several  groups  of  PC-  Lswial sad 
animals  were  given  s  second  injection  of  APA  subcutaneously  2  months 
after  the  original  ismunizafcion. 

The  total  dose  of  APA  end  LVS  given  SC  varied  in  the  3  experiments 
ae  follows:  in  Experiment  No.  1  the  0.6-ml  APA  dose  injected  waa  equal 
to  0.5  ml  of  the  original  vaccine  and  the  Injected  dose  of  LVS  was 
approximately  3  x  10*  organisms.  In  Experiment  Ho,  2  the  APA  dose  of 
0,5  ml  was  equal  to  0.5  ml  of  tha  undiluted  vaccine  end  the  Injected 
dose  of  LVS  was  approximate lv  3  x  10*  organisms.  In  Experiment  No.  3 
the  subcutaneous  APA  dose  q.  '.50  ml  was  equal  to  0.25  ml  of  undiluted 
vaccine  and  tha  injected  dose  of  LVS  was  approximately  3  x  10*  organisms . 


Por  PC  vaccination,  tha  vaccina*  vara  adjustad  ao  that  tha  APA  contalnad 
therain  equalled  0.17  al  of  undiluted  vaccina  and  tha  LVS  concentration  was 
approximately  3  x  106  or|janiama/ml .  Tha  second  dose  of  APA,  given  SC,  was 
0.S  al  of  undiluted  vacclc.. 

The  TD  toxoid*  aa  administered  contalnad  0.4  al  of  tha  original  undiluted 
material,  and  tha  SK?  vaccina  was  adjusted  to  1/3  of  lta  original  concan- 
t rat ion. 

Challenges:  Appropriately  salactad  groups  of  vaccinated  and  control 
an las in  vara  challenged  by  SC  / njaction  vith  1  x  10^  organisms  of  tfca  viru¬ 
lent  8CHU-S4  strain  of  ?.  tularenal*  2  week*  aftar  Immunisation.  Other 
groups  vara  challenged  Fy  sfi  inj action  vith  1  x  10^  spores  of  either  Vlb-189 
or  HH-6  etrains  of  ft.  anthracla  at  4  veaka  aftar  immunization. 

Antibody  Determinations :  Sara  vara  drawn  prior  to  tenants at Ion  and 
challenge  and  also  iron  survivor  a  before  aaeriflca,  Ixaainatlopi  for  tule- 
raaia  antibody  and  for  antibody  to  APA  vara  performed  In  this  laboratory  by 
tha  standard  tuba  agglutination  test  and  tha  gal  diffusion  tast  (J  gga  Micro¬ 
biol  17:503,  1957). 

Diphtheria  and  tatanua  antitoxin  lavala  vara  dataralned  by  the  Maasachu- 
aatta  State  Institution  of  Laboratories  and  arrangements  for  small pox  anti¬ 
body  dataralnatlona  ara  being  aada  vith  tha  University  of  Colorado  School  of 
Medicine. 

Bactertoloisic  Examinations:  Blood  smears  and  cultures  vers  dona  at 
da  a  tii"  or  sacrifice  os  ’ lari’  animals  chal  langad  vith  anthrax.  In  addition, 
cultures  of  spleen  'Mauls  ions  vere  done  on  all  aulas  Is  dying  2  or  nor*  weeks 
after  rhallange,  and  on  all  sacrificed  animals. 

Blood,  livar,  and  spleen  cultures  oc  appropriate  madia  from  all  animal a 
challenged  vith  P.  tularenala  vara  examined  for  typical  colonies  which  vara 
then  confirmed  by  the  slide  agglutination  test. 

Tha  results  of  the  anthrax  challenge  of  all  of  tha  animals  issuniaed  by 
the  subcutaneous  route  are  avuomarlasd  in  Table  I. 

Several  points  of  interest  are  apparent  from  tha  table.  The  most 
striking  is  the  marked  superiority  of  Che  APA-LVS  combination  to  APA  slows 
in  protecting  guinea  pigs  against  challenge  vith  both  ft.  ant hr act a  strains 
Vlb-189  and  BH-6 .  The  combination  protected  34/34  aniaala  against  Vlb-189 
In  3  replicates  snd  22/31  aniaals  against  Sli-4,  also  lr.  3  replicates. 

The  single  experiment  in  which  Che  APA  &itd  LVS  vere  injected  simul¬ 
taneously  but  In  separate  sites  seeas  to  indicate  that  the  antigens  must  be 
physically  nixed  in  ordar  to  obtain  enhanced  protection  against  KH-6. 
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polyvalent  aaiisora.  (MH4),®Q_,  frastioeal  prsclpltatiow  was  elw»*e»  at  tha 
oathei  of  trastasat  which  vcull  separata  tha  aaatcma  powdor  astsra^t  into 
groups  of  aatlgwsa.  .Various  (KH^J .SO4  "cuts”  vara  prapayad;  aa>l  shova  a 
characteristic  Ousfctsrluai'  douhla  liffuoioa  patsora.  Disc  ti&zltttfJtmtmla 
vaa  acployaa  a  aralyticai  tt-5l  to  aatixasa  tha  oiuissa  ntusb®?  t@  psoteia* 
is  «ach  fraction ,  tfcfelo  2  shows  tha  (WLJ-SSg  "cute"  proposed,  tha  «afc*r 
of  Ooehtorloay  liaos  proem  la  each,  .***3  the  sfaisua  mim  of  pwtoAs* 
appearing  ea  oledttep&orotegraaB.  Although  ail  tha  (S§4,),#Sg  lr*®fcie®»  ara 
arose  ceataslaaead  with  various  antijesu  frsa  adjscaat  cuts,  each  e*e  eppoaro 
to  eootain  6  oarsisaas  eeaeaatratloa  of  at  loast  ©a*  oaii&at  (potaihl#  ,  ,. 
oaooftioa  of  fcraoWosa), 
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lipopolysaccharid*  (LPS)  antigen  of  Daviea  (Bioshen  J  63:105,  1956). 

Davits '  preparation  is  a  protoir-fiee  lipopoTyaaccKarUa  hapten  which  was 
antigenic  only  aftar  conjugation  to  a  protein  preparation  whereas  the 
present  antigen  is  about  c.s-half  protein  and  is  antigenic  for  rabbits. 
Hanging  curtain  electrophoresis  (lecknen  Model  CP)  of  the  70-100%  cut, 
aftor  protanine  sulphate  treatment  to  remove  nucleic  acid,  yields 
preparations  of  the  LPS  antigen  and  a  new  antigen.  Finally,  ultra¬ 
filtration  of  the  (HHj)3S04  supernatant  ylalda  an  antigen  of  rather  full 
size.  Antisera  to  this  new  antigen  hds  been  prepared  successfully  in  only 
a  single  aninal  and  this  prepsrstion  was  not  stable.  Although  polyvalent 
antisera  shows  a  pc* it iff  precipitin  line  with  this  antigen,  methods  for 
monovalent  sera  production  are  being  studied. 

An  additional  antigen  was  extracted  from  the  acetone  powder  by  1  M 
potassiua  thiocyanate.  Further  purification  by  heat  treat 'tan?  and 
fephade*  gel  filtration  yiolda  an  antigen  of  large  Molecular  weight. 

In  addition,  two  antigens  have  been  partially  purified  froa  Pastewrella 
jjj^tuhewwlosi*  strain  12  employing  (KH4)2SOj  fractional  preeipSS!III^,^ 
xET" wtAii-c'vji luiosa  chi-oactography,  These  two  additional  antigens  appear 
to  he  different  froa  any  previously  discussed  end  are  also  found  in 
P.  pest is. 

mm  wmmm  mm  am 

Antisera  against  the  previously  studied  Fraction  \  and  toxin  do  not 
race?  with  any  of  the  antige.se  discussed  here.  Coj^efisom  with  Pert  Derrick 
standards  (by  Dr.  Killian  Latter.)  shews  the  7  isolated  antigens  to  be 
different  froa  their  11  standards  (antigens  D,  H,  p,  I,  X,  L,  LPS,  Q,  T, 

V,  10. 

c‘r  antigens  w»re  used  to  immunise  nice  against  challenge  with  virulent 
7.  pestia  (Table  II).  Results  indicate  that  those  antigens  are  nanrostective 
.hallenge  dose  of  approximately  1,000  LD^p.  An  attempt  will  he 
n&de  to  study  the  number  and  amount  of  contaminants  in  each  preparation,  the 
appro xij  te  solwrular  weight  and  isoelectric  point  of  rsch  antigen  and  the 
content  carbohydrate  and  lipid  in  each. 


TABLE  II.  SURVIVAL  OF  IMMUNIZED*/  MICE  CHALLENGED^/  WITH  1,000 
LDS0  P.  pest’.s  STRAIN  19SP 
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0/9 

0/10 

1/10 

0.01 

0/10 

0/10 

0/10 

0/10 

0/10 

0.001 

1/20 

0/10 

0/10 

0/10 

e/lo 

*,  WOT 

0.23 

C.42S 

1/20 

0/9 

9/10 

0/19 

9/10 

Fraction 


9.9023 


13/ 

10/ ie 

mo 
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Si*  antigen*.  have  been  partially  purified  fro*  an  acetone  p©»rf*r 
cf  f.  £a**i*  and  2  antigens  have  been  partially  purified  #*««  f, 
tuhwreuT^iX  All  fevt  cue  (LPS)  of  these  antigens  haw®  net  been  ' 

Yha  raster!  ted .  Protection  testa  ami  physical  ch&ractevietics 
of  each  are  being  investigated. 
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Work  to  study  the  role  of  phagocytosis  In  acquired  resistance  to  anthrax 
Infections  baa  bean  Initiated.  Preliminary  studies  heve  included  In  vivo 
end  in  vitro  studies  using  the  guinea  pig  as  teat  animal.  dperas,  aoacSpsw- 
latsSTcalls,  and  aapsulatad  calls  have  bean  used  in  ona  or  mors  experiments. 
Wltb  the  techniques  employed,  ongulfment  of  spores  and  noncapsulated  calls 
of  both  r'.rulont  and  svlruianc  strains  of  bacillus  snthracls  has  haan  demon¬ 
strated.  Xngulfncnt  of  fully  capsulated  cells  kao  not  bean  observed.  In 
futurs  studies,  attaint*  will  be  eada  to  detsrmin*:  (a)  the  fata  of  engulfed 
spores  in  calls  free  normal  and  immunised  animals,  and  (b)  whether  or  not 
there  la  a  difference  in  ability  of  spores  of  avlrulant  and  virulent  atraina 
to  germinate 1  In  phagocytic  cells  after  engulfaant. 
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Project  No.  1C622401A096.  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1C622401A096-02:  Prevaotlon  end  Treatment  of  Biological  Warfare 

Casualties 

Study  No.  -20-01:  dfficacy  of  Vaccination  in  Anthrax  Infections 

Description: 

1.  To  evaluate  the  efficacy  of  several  anthrax  vaccines  in  various 
species  of  animals  challeagad  by  parenteral  and  aerosol  routes  with  several 
different  strains  of  Bacillus  anthracla. 

2.  To  study  the  pathogenesis  of  anthrax  infection  in  partially  protected 

animals. 

3.  To  study  basic  mechanisms  Involved  in  development  of  acquired  immunity 
to  anthrax  infections. 

Progress: 

A  considerable  amount  of  time  has  bean  spent  in  reviewing  and  summarising 
results  of  work  report od  in  the  lest  two  annual  reports.  A  manuscript, 

"Studies  on  Anthrax  Infer tiona  in  Immunised  Guinea  Pigs"  has  bean  submitted 
for  publication. 

Additional  work  on  several  experimental  vaccines  for  immunisation  of 
guinea  pigs  is  included  in  the  section  of  this  roport  dealing  with  cesabinad 
vaccines  (Bee  Study  -02-00-04) . 

It  has  not  bean  feasible  during  this  report  period  to  extend  the 
preliminary  vork  in  monkeys  reported  last  year, 

The  basic  mechanism*  Involved  in  the  production  of  acquired  immunity  to 
ant>rax  infectlone  are  still  unknown,  The  difference  in  response  of  guinea 
pigs  immunised  with  protective  antigen  to  challenge  with  different  strains 
of  anthrax  and  the  marked  enhancement  of  protection  against  both  types  of 
strains  in  those  animals  given  anthrax  protective  antigen  combined  with  the 
living  tularemia  vaccine  raise  interesting  questions  of  considerable  signifi¬ 
cance.  In  addition,  the  necessity  for  more  basic  information  on  the  mechanisms 
involved  in  protection  against  anthrax  infection  has  been  emphasised  by  these 
studies. 


It  is  well  established  that  phagocytosis  may  be  of  decisive  importance 
in  resistance  to  a  number  cf  bacterial  infections.  It  has  been  suggested  by 


several  authors  that  thla  phenomenon  mey  be  of  importance  in  resistance 
to  anthrax  infections.  Definitive  evidence  is.  however,  lacking.  For 
exaaple,  it  has  never  been  concluaively  demonstrated  whether  or  not 
either  circulating  leukocytes  or  fixed  macrophages  are  capable  of  engulf¬ 
ing  fully  capeulatad  vegetative  cells  in  which  fora  the  body  has  to  deal 
with  in  greatest  numbers,  and  moat  probably,  within  a  very  short  time 
after  exposure.  In  addition,  nothing  is  known,  so  far  aa  we  are  aware, 
about  the  fate  of  spores  which  are  readily  engulfad  by  phagocytic  calls. 
It  has  lndaad  bean  suggested  that  spores  are  disseminated  in  tha  host  by 
thia  means. 

During  tha  past  few  months  studies  have  been  initiated  with  the 
purpose  of  examining  the  possible  role  of  phagocytosis  in  protection 
against  anthrax  infections  in  the  gvirwa  pig.  Moat  of  the  effort  of  the 
one  individual  working  full  time  on  this  problem  has  bean  spent  in 
attempts  to  develop  satisfactory  in  vivo  and  in  vitro  procedures,  and 
in  working  out  technical  problems  encountered.  Area  strains  of  anthrax 
have  bean  used  in  one  or  more  experiments:  tha  avirulent  Weybrldga  strain 
and  the  virulent  Vlb-189  and  HH-6  strains.  Progress  of  phagocytosis 
under  several  experimental  conditions  has  been  followed  by  tha  earner 
technique  at  varying  time  intervals  and  in  some  instances  with  phase 
wiroscopy.  The  in  vivo  system  used  has  been  that  of  lntraparltonaal 
(IF)  Inoculation  o ?  guinea  pigs  with  serial  sacrifice  and  harvest  of 
exudate.  In  vitro  systems  have  Included  previously  described  techniques 
and  a  variety  of  modifications. 

The  maintenance  of  guinea  pig  polymorphonuclear  leukocytes  in  vitro 
for  period  of  time  up  to  24  W,  either  uninfected  or  after  they  had 
engulfed  spores  of  Bacillus  anthracis  has  presented  the  most  difficulty. 
Tha  possibility  of  using  monocytes  and/or  lung  macrophages  for  thasa 
studies  is  being  investigated. 

This  work  is  still  in  a  vary  preliminary  phase  and  all  techniques 
have  not  yet  been  worked  out  or  standardized.  Xeaults  of  several  types 
of  exploratory  experiments  however,  may  be  summarised  as  follows: 

1.  Spores  of  beth  avirulent  and  virulent  strains  era  readily 
engulfed  under  all  conditions  examined  both  ia  vivo  end  in  vitro. 

2.  Young,  noncepsuletad  vegetative  cells  (chains  of  1-4  veils)  are 
also  actively  engulfed  by  guinea  pig  leukocytes. 

3.  Under  tha  same  experimental  conditions,  including  two  attempts 
with  Che  surface  phagocytosis  techniques  of  Wood  end  to -worker a  (J  tow 
Med  83-54:337,  1948),  engulfmsnt  <■•£  young  fully  capsulstsd  calls  could 
not  be  demonstrated. 

4.  When  preparations  of  leukocytes  and  capsulstsd  cells  wars 
observed  with  phase  microscopy,  leukocytes  appeared,  in  general,  to  be 


repsllsd  by  the  capaulated  organisms  and  the  on*  or  two  call*  attempting  to 
engulf  such  call*  failed  to  do  *o.  Since  there  were  toae  ungerminated  (pores 
in  the  preparation*,  and  some  of  the**  were  observed  to  be  engulfed  by  the 
same  leukocyte*  falling  to  phagocytls*  capaulated  vegetative  cell*,  it  would 
appear  that  phagocytic  capability  of  the  leukocyte  preparation  per  *e  waa  not 
depressed  by  the  presence  of  the  capaulated  cell*.  Further  studies  with  sur¬ 
face  phagocytosis  techniques  are  in  progress.' 

S.  The  results  of  a  typical  exploratory  experiment  employing  an  in  vivo 
phagocytic  system  are  summarised  In  Table  I.  The  procedure  used  was  as  follow* 

TABLX  I.  PHAGOCYTOSIS  OF  SPOMS  OF  TWO  STRAINS  OF  B.  ANTH8ACIS  AFTKK  ISTHA- 
PKK1T0HKAL  INOCULATION  IN  3UIKSA  PIGS 


H0Ul8  8TBAIN " 

AFTM  (Oose- 

INOCO-  1  x  109 
LATIOW  spores) 


FSA6QC.TT0SI3-10Q  POLYS 


Mo.  of  spots*  per  cell 


CCMMOTS 


1% 


Vlb-189 


99 


Weybrldge  100 


31 


63  Numerous  free  spores.  Soma 
_____  extracellular  germination. 

Leukocytes  contain  both  spores 
38  end  germinated  cells. 


Vlb-ltt 

84 

16 

67 

16 

1 

Leukocyte a  more  numerous  then 
at  1%  hours. 

Weybrldge 

95 

5 

81 

13 

1 

Leukocytes  more  nussarous  than 
at  1%  hourr .  Germination  of 
Intracellular  spots*? 

Vlb-189 

33 

67 

22 

11 

0 

No  free  apores.  No  germinated 
cells  Intracellular ly. 

Weybrldge 

42 

58 

27 

15 

0 

No  free  sporee.  Germination 
of  intracellular  spores. 

Thrc ,  guinea  pigs  were  inoculated  IP  with  1  x  109  spores  of  strain  Vlb-189  and 
3  with  a  similar  dose  of  Weybrldge  spores.  At  1%,  3  and  5  hr  after  injection 
one  of  each  group  of  animals  was  sacrificed  and  peritoneal  washing*  collected 
and  examined  by  stained  smears  and  phase  microscopy.  In  this  particular  expert 
sent  heparinized  blood  wee  collected  by  cardiac  puncture  and  Impression  smears 
of  spleen  and  liver  were  made  on  ell  animals  at  time  of  sacrifice. 

Although  the  concentration  of  lsukocytes  present  in  exudates  collected  at 
It  hr  after  ap 're  challenge  was  much  less  than  at  the  3  and  S-hr  time  Intervals 
virtually  ell  cells  had  ingested  one  or  more  spores  and  approximately  95%  of 
the  100  counted  had  taken  up  10  to  30  spores  each.  With  time,  the  number  of 


leukocytes  Increased  and  the  percentage  of  ohagocytoaia  decreased.  This 
apparent  drop  In  phagocytic  activity  is  probably  a  reflection  of  the 
decrease  in  relative  concentration  of  aporea  to  leukocytes  aa  the  result 
of  very  active  phagocytosis  observed  at  1%  hrs.  Therri  was  some  suggestion 
both  in  smears  and  by  phase  microscopy  that  Weybrldge  spores  germinated 
after  Ingestion  by  leukocytes  and  that  spores  of  Vlb-189  did  not  during 
the  time  period  of  the  experiment.  This  observation  is  open  to  question 
because  of  presence  of  some  germination  of  axtracellular  spores  at  some 
of  the  seme  time  periods,  this  is  an  interesting  question  and  experiments 
are  now  being  designed  to  determine  whether  or  not  there  is  a  difference 
in  intracellular  germination  of  spores  of  the  virulent  and  avirulent 
strains. 

By  1%  hrs  after  IP  inoculation  tna  concentration  of  organisms  in  the 
circulating  blood  was  greater  than  10^/ml  in  the  case  of  both  strains  as 
evidenced  by  the  growth  in  pour  plates  containing  1  ml  of  blood.  At  the 
same  time  period,  some  frae  spores  and  leukocytes  containing  spores  were 
observed  in  impression  smears  of  both  spleen  and  liver.  It  will  be  of 
interest  to  repeat  this  study  using  more  quantitative  techniques  end 
histological  mat hod a  to  follow  tha  movement  of,  and  to  determine  the  fate 
of  aporea,  Ingested  by  leukocytes  aftsr  Inoculation  by  I?  and  other  routea 
of  challenge. 

Kfforta  to  define  optimal  conditioning  for  maintaining  phagocytes 
after  they  have  engulfed  spores  of  various  strains  of  B.  anthracla  so 
that  the  feta  of  those  spores  may  be  studied  will  be  continued.  Since 
polymorphonuclear  calls  ara  more  fragila  and  difficult  to  maintain  In 
vitro,  experiment s  to  determine  the  feasibility  of  using  monocytes  or 
lung  nacrophagaa  are  being  initiated. 

8»Ty  ,-.~d  Conclusions: 

Preliminary  work  designed  to  study  the  role  of  phagocytosis  in  acquired 
lwunity  to  anthrax  infections  has  been  initiated  using  the  guinea  pig  as 
the  test  animal.  Work  to  date  has  been  concerned  primarily  with  develop¬ 
ment  and  standardization  of  appropriate  techniques. 

In  tha  systems  examined  it  has  been  demonstrated  that  aporea  and 
noncapr  lated  calls  of  both  avirulent  and  virulent  strains  art.  readily 
engulfed  by  phagocytes  (mainly  polymorphonuclear  cells  in  preparations 
used)  of  normal  guinea  pigs.  Bngulfiaent  of  fully  capsulated  cells  of  the 
virulent  strain  has  not  been  demonstrated. 

Aa  soon  as  appropriate  techniques  are  worked  out  and  standardised, 
attempts  will  be  made  to  determine:  (1)  the  fate  of  engulfed  spores  in 
phagocytes  from  normal  and  immune  guinea  pigs,  and  (2)  whether  or  not 
capsulated  vegetative  cells  can  be  engulfed  and  destroyed  by  phagocytes 
from  immune  animals. 
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Results  of  investigations  involving  the  freeze-drying  and  use  of  attenu¬ 
ated  Venezuelan  equine  encephalomyelitis  are  presented. 

The  results  indicate  the  virus  is  stable  during  the  freeze-dry  processing 
in  that  little  or  no  loss  of  inf activity  occurs  during  the  cycle. 

The  responses  of  man  to  inoculation  with  th~  reconstituted  dried  product 
did  not  differ  from  previous  experience.  Approximately  957.  of  persons  ad¬ 
ministered  7000  guinea  pig  median  immunizing  doses  of  virus  developed  sig¬ 
nificant  levels  of  hemagglutination-inhibiting  antibody. 

Investigation  of  the  stability  of  the  freeze-dried  virus  is  continuing 
as  well  as  its  use  for  inscunizing  "at  risk"  personnel. 
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Investigations  in  this  study  are  directed  tovatrd  development  of  a  live 
attenuated  virus  vaccine  for  insunization  of  man  tb  infection  with  Venezuelan 
equine  encephalomyelitis  virus.  * 


Progress: 

The  use  of  attenuated  Venezuelan  equine  encephalomyelitis  (VFE)  virus 
for  immunization  of  "at  risk"  personnel  has  continued.  The  viivs  suspension 
employed  was  prepared  as  described  in  the  FY  1962  Annual  Report  with  the 
addition  of  cabinet  freeze -drying. 

Freeze-Drying  of  Attenuated  VEE  Virus.  A  single  production  lot  of 
attenuated  virus  (TC  83/3-2)  was  prepared  end  titrated  in  guinea  pigs. 

Following  titration  the  material  was  diluted  with  Banks  balanced  salt 
solution  (BSS)  containing  0.5%  human  serum  albumin  (HSA)  USP  to  a  concen¬ 
tration  of  10° *2  guinea  pig  intraperltoneal  iamainizing  doses jq  (GPIPlDjnJ/O .5  ml. 
This  value  was  calculated  to  provide  for  (a)  an  expected  loss  of  approxi¬ 
mately  0.8  logs  on  drying  and  (b)  a  0.5  ml  dose  containing  103'7  GPIPID50 
following  reconstitution  to  50  ml  with  Hanks  BSS  plus  0.5%  HSA. 

The  diluted  material  was  dried  in  1.0  ml  volumes  using  5.0  ml  bottles 
in  an  NRC  3501  cabinet  dryer  having  a  capacity  of  ?30  bottles.  A  drying 
time  of  22  hr  was  employed  for  each  of  13  lots .  Following  drying  the 
bottles  were  capped  and  hermetically  sealed  in  metal  cans  containing  desic¬ 
cant  and  stored  at  -20  C. 

Bottles  were  selected  at  random  from  each  drying  lot  for  sterility  and 
potency  tests.  No  evidence  was  found  of  bacterial,  mycotic  or  viral  con¬ 
taminants  . 

Results  of  potency  assays  are  presented  in  Table  Z.  The  individual  lots 
were  titrated  in  guinea  pigs  employing  6  animals  per  dilution. 

The  titers  following  drying  are  higher  than  anticipated  except  for  Lots 
3,  6  and  11.  From  these  results  it  would  appear  that  the  estimated  0.8-log 


*4  to 


19 1 


TABLE  I.  TITERS  OF  13  LOTS  OF  CABINET  DRIED  ATTENUATED  VEE  VIRUS. 


LOT  NO. 

TITER  (LOG10) 

LOT  NO. 

TITER  (L0G10) 

1 

6.3 

8 

6.6 

2 

6.3 

9 

6.4 

3 

5.6 

10 

6.8 

4 

3.5 

11 

5.5 

5 

6.5 

12 

6.5 

6 

5.8 

13 

6.3 

7 

6.3 

loss  did  not  occur.  Results  obtained  with  the  use  of  Lot  3  in  man  are  pre¬ 
sented  later  in  this  report . 

For  purposes  of  obtaining  information  relative  to  the  stability  of  the 
dried  product,  Lot  13  was  divided  according  to  the  schema  in  Table  II. 

TABLE  II.  STABILITY  TEST  PATTERN  FOR  ATTENUATED  VEE  VIRUS,  LOT  13. 

temperature  °c 

TYF*  MATERIAL _ Room _ +4 _ -20 _ -70 _ 


Wet,  frozen  x  x 
Dried  x  x  x  x 
Dried,  sealed  w/desiccar.t  x  x  x  x 


Samples  from  each  of  the  test  temperatures  will  be  titrated  at  90  days 
after  drying.  If  this  test  gives  evidence  of  deterioration  the  assay?  will  be 
repeated  in  30  days.  The  90-day  assay  results  are  not  complete  at  this  writing. 

Studies  in  Man.  As  noted  above  Lot  3  of  TC  83/3-2  has  been  employed  for 
sssur.izstinn  of  "at  risk"  personnel.  The  dose  administered  has  been  0.5  ml 
ubcutaneously  containing  approximately  7000  GPIFID5Q.  This  is  an  increase  of 
7-fold  over  the  dose  previously  employed.  Of  776  perpons  inoculated  12,  or 
1.5%  failed  to  develop  demonstrable  hemagglutination-inhibiting  (HI)  antibody 


by  28  days  following  inoculation.  An  additional  17  persons,  or  2.2%  ahowed 
a  minimal  response,  i^je.,  1:10.  Thus,  at  the  dose  level  employed  significant 
HI  antibody  responses  were  obtained  in  96.3%  of  those  inoculated.  Systemic 
reactions  were  of  the  same  order  as  previously  observed. 

For  purposes  of  comparison  a  summary  of  the  HI  responses  obtained  with 
the  several  different  passage  levels  and  lots  of  attenuated  virus  are  pre¬ 
sented  in  Table  III. 

TABLE  III.  RESPONSE  TO  VARIOUS  PASSAGE  LEVELS  OR  LOTS  CfF  ATTENUATED 
VEE  VIFUS  BASED  ON  HEMAGGLUTINATION -INHIBITION  TEST. 


PASSAGE 

LEVEL 

OR 

LOT 

NEGATIVE  PREBLEED 

POSITIVE  PREBLEED 

Postlnoculatlon  Titer 
>1:20  1:10  Nsg. 

Change  in  Titer 
>4X  2X  None 

TC  50 

li 

0 

0. 

1 

2 

4 

TC  80 

52 

0 

0 

14 

4 

10 

TC  81/2-4 

31 

1 

3 

2 

5 

21 

TC  82/2-4 

5 

0 

0 

0 

0 

0 

TC  82/2-9 

684 

21 

18 

295 

149 

320 

TC  83/3-2 

776 

17 

12 

0 

1 

0 

Total 

1559 

39 

33 

312 

161 

355 

%  of  total 

95.4 

2.5 

2.1 

37.6 

19.4 

42.8 

As  may  be  seen  the  responses  obtained  with  the  dried  product  (TO  83/3-2) 
compare  favorably  with  those  of  other  lots. 

Sunauary  and  Conclusions: 

The  results  obtained  in  animals  and  man  following  inoculation  or  re¬ 
constituted  attenuated  Venezuelan  equine  encephalomyelitis  virus  indicate 
this  agent  can  be  freeze-dried  without  significant  loss  in  infectivity.  The 
similarity  of  titration  results  for  13  separate  "drying  lots"  serves  to 
emphasize  the  reproducibility  of  the  drying  procedure. 

These  studies  will  be  continued  particularly  as  regards  stability  of  the 
dried  product . 


Publication: 

1.  McKinney,  R.  W.,  Berge,  T.  0.,  Sawyer,  W.  D.,  Tigert.t,  W.  D.,  and 
Crozier,  D.:  "Use  of  an  Attenuated  Strain  of  Venezuelan  Equine  Encephalo¬ 
myelitis  Virus  for  Insnunizatio-,  in  Man,"  Amer  J  Trop  Med  Hyg  12:597-603, 
1963. 
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Serological  follow-up  of  monkeys  (Macaca  mulatta)  exposed  to  aerosolized 
attenuated  Venezuelan  equine  encephalomyelitis  virus  (National  Drug  Company 
Lot-4),  as  described  In  last  year's  Annual  Report  has  been  completed. 

Presented  doses  ranged  from  48,000-112,000  guinea  pig  intraperl tones 1  median 
iszBunizing  doses.  Only  4  of  8  monkeys  responded  serologically,  Indicating  a 
poor  Immunogenic  capacity  of  this  vaccine  compared  to  results  obtained  earlier 
with  attenuated  virus  in  the  80th  tissue  culture  passage. 
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Description: 

To  study  aerogenic  vaccination  with  attenuated  Venezuelan  equine 
encephalomyelitis  virus  in  experimental  animals. 

Progress: 

Aerogenic  vaccination  of  guinea  pigs  and  monkeys  with  attenuated 
Venezuelan  equine  encephalomyelitis  (VEE)  virus  produced  by  National  Drug  Co. 
(ND-4)  was  carried  out  to  investigate  the  safety  and  effectiveness  of  this 
product  by  this  route.  With  the  exception  of  the  serologic  data,  the  study 
was  described  in  last  year's  Annual  Report. 

Dose  of  vaccine  presented  to  each  of  8  monkeys  and  hemagglutination- 
inhibiting  (HAI)  antibody  responses  21  days  postvaccination,  14  days  post- 
challenge  with  virulent  VEE  virus  (Colombian  strain),  and  14  days  postre- 
challenge  with  virulent  VEE  virus  (Trinidad  strain)  are  displayed  in  Table  I, 
(One  monkey  died  12  days  following  vaccination  and  the  HAI  titer  was  deter¬ 
mined  on  that  day). 

Pour  monkeys  demonstrated  no  serologic  response  to  the  vaccine.  The 
7  surviving  monkeys  were  challenged  with  an  intraperitonaal  ii  oculation  of 
1C* *  *  GPIPLD-q  of  virulent  Colombian  strain  VEE  virus  21  days  efter  aerosol 
exposure  to  No- 4.  One  monkey,  which  had  no  HAI  antibody  retoonse  to  the 
vaccine,  died  on  the  2nd  postchallenge  day  erd  virulent  VEE  virus  was  isolated 
from  blood  and  brain  mouse  inoculation  and  identified  by  mouse  protection 
test,  HAI  antibody  response  to  the  virulent  virus  was  determined  14  days 
postchallenge  in  the  remaining  6  animals.  Two  monkeys  which  had  failed  to 
respond  serologically  to  the  vaccine  developed  no  HAI  antibody  titer.  One 
month  later,  the  6  monkeys  were  again  inoculated  intraperitoneally  with 
virulent  VEE  virus  (103  GPIPLDgg  of  Trinidad  strain).  The  two  animals  which 
were  previously  unresponsive  serologically  to  both  the  vaccine  and  Colombian 
strain  developed  HAI  antibody. 
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TABLE  I.  HA I  RESPONSE  OF  MONKEYS  POSTVACCINATION  AND  POSTCHALLENGE 


RECIPROCAL  HA I  TITE 

MONKEY 

NO. 

PRESENTED  DOSE^ 
OP  ATTENUATED 
VEE  VIRUS  (ND-4) 
GPIPID  Q 

21  days  post 
immunization 

14  days  post- 
challenge  with 
virulent  VEE 
virus 

(Colombian) 

14  days  postre- 
chalvenge  with 
virulent  VEE 
virus 
(Trinidad) 

K-3-11 

65,000 

<10 

Died  day  2  post 
challenge 

- 

K-3-22 

80,000 

<10 

<10 

10, 240 

L-l-16 

88,000 

<10 

320 

10, 240 

Lhi  + 

48,000 

<10 

<10 

20,480 

L-l-19 

68,000 

320 

640 

1,280 

L-l-27 

50,000 

5120 

10,240 

5,120 

L-l-28 

112,000 

80 

Died  day  12 
postvacclnation 

L-2-25 

64,000 

640 

640 

5,120 

a/  Preinmunir*tion  titor  was  <1:10  la  all  cases 
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SinBMrv: 

Aerogentc  immunization  of  guinea  pigs  and  monkeys  was  carried  out  with 
attenuated  VEE  virus  (National  Drug  Co.  Lot -A) .  Serologic  responses  In 
monkeys  Indicated  a  poor  laounogenlc  capacity  of  thia  vaccine  when  compared 
to  previous  study  with  another  atraln  of  attenuated  VEE  virus,  reported  by 
Kuahne,  jX  a^  (Am  J  Hyg  73:347.  1962) 

Publications : 

None 
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Description: 

To  assess  the  influence  of  total  body  x-lrradlation  on  the  Immune  responee 
to  an  attenuated  strain  of  Venezuelan  equine  encephalomyelitis  virus. 

Progress : 

No  work  was  conducted  on  this  Study  because  of  higher  priority  demands. 
Summary: 

None . 

Publications: 


None . 
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Langct  virus,  TP-21  strain  has  been  studied  in  a  variety  of  laboratory 
hosts  and  t>ii.uations  .  Two  tests  to  identify  the  virus  or  its  antibody  have 
been  employed:  the  mouse  neutralization  and  the  complement -fixation  tests. 
Only  one  reliable  marker  for  presence  of  infectious  virus  by  iji  vivo  method 
is  avaJI.-^le  to  date,  i..e.,  death  of  the  mouse.  Monkeys,  guinea  pigs, 
embryonated  eggs  and  tissue  cultures  have  been  asymptomatic  during  infection. 

TP-21  multiplies  well  in  mouse  brain,  moderately  so  in  embryonated  eggs 
and  poorly  in  chick  embryo  fibroblasts  and  green  monkey  kidney  cells.  Serial 
passage  in  eggs  and  cell  lines  have  been  made  in  an  attempt  to  increase  viral 
yield  or  to  develop  other  markers.  To  date  these  have  not  been  successful. 
Virus  has  been  "lost"  several  times  in  cell  lines,  probably  because  of  low 
titers  ,"id  instability  on  short-term  storage.  Experiments  in  other  cell  lines 
and  with  varying  incubation  temperatures  are  in  progress . 

Studies  on  the  mechanism  of  cell  infection  are  planned. 
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Description: 

Investigations  under  this  study  are  directed  toward  characterization 
of  selected  group  B  arboviruses.  Studies  are  being  performed  to  assess  ' 
optimal  growth  conditions,  stability,  and  immunogenic  potential  of  the 
viruses,  singly  and  in  combination. 

Progress: 

Langat  virus,  TP -21  strain,  is  currently  being  characterized.  The 
strain  used  in  all  studies  was  obtained  from  the  Virology  Division, 

Walter  Reed  Army  Institute  of  Research.  It  was  in  the  fifth  suckling 
mouse  brain  passage.  Minimal  amounts  of  virus  in  the  starting  material 
necessitated  several  rapid  braln-to-brain  passages  in  suckling  mice  to 
obtain  high-titered  virus .  At  the  8th  suckling  mouse  brain  passage, 
seed  material  of  20X  mouse  brain  in  phosphate  buffered  saline  with  20 % 
rabbit  serum  was  prepared.  This  material  was  freeze-dried  on  a  labora¬ 
tory  model  Aminco  apparatus  and  stored  at  4  C  as  standard  strain 
reference .  The  10th  suckling  mouse  brain  passage  was  stored  at  -70  C 
in  the  frozen  state,  as  seed  virus  for  further  -work.  To  verify  the 
identity  of  the  strain  a  neutralization  test  was  done  with  the  10th 
passage  virus  using  immune  serum  obtained  from  another  laboratory.  The 
serum  was  obtained  from  Dr.  Winston  Price,  Johns  Hopkins  University. 

The  serum  neutralization  index  was  in  agreement  with  that  obtained  by 
Dr.  Price's  laboratory. 

TP-21  in  the  Mouse . 

When  inoculated  in  the  young  adult  mouse,  by  the  intracerebral  (IC) 
route  the  virus  causes  death  starting  at  day  6  or  7  in  the  lowest 
dilutions  and  continuing  through  about  day  12  in  the  higher  dilutions. 

The  same  preparation  causes  deatn  in  the  intraperitoneally  (IP)  inocu¬ 
lated  mouse  a  day  or  two  later.  Suckling  mice,  inoculated  by  either 
route  usually  die  starting  day  4  or  5.  The  most  consistent  clinical 
manifestation  of  infection  is  a  weakness  or  paralysis  of  the  hind  legs 
which  may  be  accompanied  by  a  "rough"  coat  or  "bleary-eyed"  appearance. 

Dead  mice  frequently  a: e  found  with  teeth  firmly  clenched  to  the  wire 
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of  the  cage  platform,  suggesting  a  convulsive  seizure  just  prior  to  death. 

Se i z ires  have  not  been  observed  first-hand. 

Assays  of  ”irus  have  been  oerformed  in  3-4  week  old  mice  because  early 
observation?  indicated  no  appreciable  difference  in  final  titer  between  assays 
in  suckling  or  older  animals .  An  experiment  was  performed  using  mice  of 
varying  ages  to  confirm  the  early  observation  that  mouse  age  did  not  affect 
titers  of  mouse  brain  virus  and,  in  addition,  to  determine  whether  mouse  age 
affected  assay3  of  virus  grown  in  the  embryonated  egg.  See  Table  I. 

TABLE  I.  ASSAY  GF  TP-21  VIRUS  IN  MICE  OF  DIFFERENT  AGES 


TT^SITS 

VIRUS  TITER  MICLD50  L0G10 
Age  of  mice  in  days 

TESTED 

PASSAGE 

36 

29 

22 

2-4 

Suckling 

Mouse  Brain 

10 

8.0 

7.8 

8.63 

8.75 

Chick 

Embryo 

7 

5.5 

5.84 

5.6 

5.5 

Results  expressed  in  Table  I  would  suggest  that  suckling  mice  and  22-day 
old  mice  are  slightly  more  sensitive  in  assaying  TP-21  mouse  brain  virus  than 
are  older  mice.  However,  assay  of  egg-adapted  virus  revealed  no  change  in 
sensitivity  regardless  of  mouse  age.  It  was  decided  to  continue  using  3-4 
week  old  mice  for  all  assays. 

The  5""  intracerebral  lethal  endpoint  (MICLDjq)  of  freshly  prepared  in¬ 
fected  mouse  brain  suspension  ranged  between  8.5  and  9.0  iogs/0.03  ml. 
Titration  of  these  preparations  by  the  IP  route  usually  yielded  lower  values 
suggesting  a  change  in  virus  viscerotropi sm  as  the  result  of  continuous  brain 
passage.  Mouse  median  intraperitoneal  infectious  titers  (MIPID^g)  wf!re 
measured  by  challenge  of  survivors  of  IP  titrations  with  multiple  lethal  doses 
of  virus.  The  route  of  inoculation  was  intracerebral. 

Tab’.  II  illustrates  decreasing  lethal  titers  of  mice  inoculated  by  the 
IP  route  with  Increasing  suckling  mouse  brain  passage.  Infectious  titers  are 
higher  than  lethal  titers  by  this  route,  suggesting  a  change  in  virulence. 
Lethal  and  infectious  titers  are  identical  when  mice  are  inoculated  IC . 

Repeated  assays  of  10th  passage  standard  suckling  mouse  brain  suspension 
reveal  that  the  virus  has  maintained  essentially  the  same  MICLD50  titer  after 
6  months  storage  at  -70  C.  No  auto-interference  has  been  demonstrable  in  low 
dll  _.t  ion . 
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TABLE  II.  ASSAY  OF  TP-21  SUCKLING  MOUSE  BRAIN  VIRUS  IN  21-28  DAY  OLD  MICE 


VIRUS 

ROUTE  OF 

INOCULATION 

PASSAGE 

Intracerebral 

Intraperitoneal 

LEVEL 

Logs  virus/0.03  ml 

Logs  virua/0.30  ml 

-  8 

Lethal  =8.6 

Lethal  =  6.43 

Infectious  =8.6 

Infectious  =9.0 

10 

Lethal  =8.6 

Lethal  =  <4.0 

•- 

Infectious  =  8.6 

Inf< 

sctious  =  7.84 

Antibody  Studies . 

% 

N1 

Complement -F  i::at  ion 

Tests.  A  successful 

complement-fixation  (CF)  test 

was  developed  for  the  detection  of  TP-21  antibody.  Antigees  were  prepared 
from  suckling  mouse  orains  which  had  about  9.0  logs  infectious  virus.  A 
20%  suspension  of  triturated  mouse  brain  in  phosphate  buffered  saline  was 
prepared.  The  suspension  was  centrifuged  for  1  hr  at  25,5006.  The  super¬ 
natant  fluid  was  withdrawn,  bottled  in  convenient  working  volumes,  frozen 
and  stored  at  -70  C.  Usual  antigen  titers  against  4  antibody  units  were 
1:32  to  1:64.  Four  units  of  antigen  were  used  in  the  test.  Complement 
titers  were  not  decreased  by  the  presence  of  4  units  of  antigen,  and  the 
antigen  had  not  become  anti complement ary  when  tested  after  3  months  of 
storage.  Normal  mouse  brain  antigens  were  prepared  in  the  same  manner  and 
were  included  as  controls  in  every  test. 

* 

Preparation  of  Immune  Sera.  Guinea  Pigs .  An  experiment  was  performed 
to  determine  conditions  for  development  of  maximal  antibody  against  the 
virus  and  minimal  antibody  against  the  normal  brain  component  of  the  in¬ 
fecting  material.  Tenth  passage  suckling  mouse  brain  virus  was  administered 
and  only  one  dose  was  given.  Guinea  pigs  were  inoculated  by  the  IC  route 
with  0.1  ml  or  by  the  IP  rcut?  with  0.5  ml.  Six  guinea  pigs  -were  used  per 
vir_a  dilution  and  per  rout.?.  None  of  the  animals  inodula*- ?d  by  uie  IP 
route  developed  fever  or  ircss  signs  of  infection.  All  of  the  IC  guinea 
pigs  receiving  the  largo'  dose  (8.5  logs)  developed  fever  end  2  cut  of  6 
pigs  receiving  6.5  logs  developed  fever.  Fever  was  of  short  duration  and 
other  clinical  symptoms  were  absent. 

The  animals  were  bled  at  21  and  28  days  postinoculation.  CF  tests  were 
done  using  the  mouse  brain  antigens  previously  described.  None  of  the  3era 
were  anticomplement ary .  Table  III  shows  CF  antibody  titers  of  individual 
guinea  pigs  against  TP-21  antigen  and  normal  mouse  brain  antigen.  The  sera 
were  not  adsorbed  with  normal  mouse  brain  to  remove  the  nonspecific  anti¬ 
body. 
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TABLE  III.  GUINEA  FIG  COMPLEMENT -FIXATION  TITERS  AGAINST  TP-21  AND 

NORMAL  BRAIN  ANTIGENS 


INTRACEREBRAL 

ROUTE 

Inoculum 

Guinea 

Pig 

No. 

21 

Serum 

Day 

28  Day 

Logs 

Virus 

Mouse 

Brain 

TP  21 

Antiaens 

Norm  TP21 

Norm 

0.1 

1 

128 

16 

a/ 

8.5 

1:10 

2 

64 

8 

64 

8 

3 

64 

8 

64 

16 

4 

128 

32 

128 

16 

5 

128 

16 

128 

»«*' 

6 

1.28 

32 

7 

128 

Neg 

128 

8 

6.5 

1:1000 

8 

32 

Neg 

32 

Neg 

11 

128 

Neg 

128 

Neg 

13 

8 

Neg 

Neg 

He* 

14 

32 

8 

64 

Neg 

15 

8 

Neg 

5.5 

1:10,000 

17 

Neg 

Neg 

18 

Neg 

Neg 

19 

Neg 

Neg 

20 

Neg 

Neg 

4.5 

1:100,000 

6/6  Negative 

a.  Blank  space  denotes  not  tested. 

b.  Negative  =  <8. 
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It  will  be  noted  from  Table  III  that  very  large  doses  of  live  virus  were 
required  to  produce  antibody  to  the  virus  when  it  was  administered  by  the  IC 
route.  Those  IC-inoculated  guinea  pigs  which  developed  high  level  antibody 
also  had  some  febrile  period  during  the  course  of  infection.  Antibody  to 
normal  mouse  brain  was  present  in  a  large  proportion  of  the  animals  with 
TP-21  antibody.  Individual  sera  positive  for  TP-21  and  negative  for  normal 
mouse  brain  were  selected  and  pooled  for  use  as  controls.  For  the  most 
part,  peak  titers  for  TP-21  occurred  by  the  21st  day  and  persisted  to  the 
28th  day . 

Further  studies  on  immunization  are  planned  to  test  the  efficacy  of  TP-21 
as  an  immunizing  agent.  These  studies  will  Include  the  use  of  inactivated 
virus  grown  in  the  emor>  '  acted  egg  and  in  tissue  culture  systems . 

Monkeys .  Two  rhesus  monkeys  were  inoculated  by  the  IP  route  with  TP-21 
virus.  One  with  approximately  '.0  logs  mouse  brain  virus  and  the  other  with 
the  same  quantity  of  virus  grown  in  chick  embryo.  Temperatures  were  taken 
twice  daily  for  14  days.  Neither  monkey  had  any  fever  during  this  period. 

CF  tests  were  do*  on  pre-inoculation,  14-day  and  21-day  sera.  Both 
monkeys  had  low  leve)  ar  lbody  (1:8)  in  the  serum  from  the  pre-inoculation 
bleeding.  There  was  no  rise  in  titer  by  the  21st  day  when  the  sera  still 
maintained  a  titer  of  1:8.  A  neutralization  test  was  also  done  with  these 
sera,  with  negative  results.  It  is  probab's  that  the  monkeys  had  been  in¬ 
fected  with  a  related  virus  such  as  Kyasar-ir  Forest  or  yellow  fever  while 
in  their  native  ha-lta*. .  This  r.ould  have  afforded  protection  against  TP-21 
virus,  and  prevented  development  of  antibody.  In  the  future,  monkeys  will 
be  screened  for  antibody  to  several  of  the  group  B  arboviruses  before  being 
used. 

Neutralizstlrn  Verts.  A  mouse  IC  neutralization  test  has  been  success¬ 
fully  employed.  Pools  of  CF  positive  guinea  pig  sera  consistently  had  a 
serum  neutralization  index  of  4.0  or  more  logs.  This  was  obtained  with 
vntreated  sera  or  sera  Inactivated  at  56  C  for  30  minutes. 

To  date  lack  of  suitable  virus  markers  has  prevented  development  of 
other  neutralization  techniques  such  as  plaque  Inhibition  or  metabolic 
inhibition  tests. 

Growth  of  TP-21  in  the  Hen’s  Sag  and  Tissue  Culture. 

Because  of  the  risk  of  causing  allergic  encephalitis  in  subjects  inocu¬ 
lated  with  brain  tiscue,  it  is  of  importance  to  find  a  satisfactory  host 
system  other  than  the  mouse  in  which  to  grow  TP-21  virus .  An  ideal  host 
system  would  produce  virus  in  high  yield.  In  addition,  suitable  markers 
such  as  cytopathic  effect  (CPE)  or  lethality  to  indicate  the  presence  of 
the  virus  are  required.  To  this  end  studies  were  initiated  on  the  growth 
of  TP-21  in  the  hen’s  egg  and  in  tissue  culture. 
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TP-21  In  the  Han's  Egg.  TP-21  will  replicate  i"  the  embryonated  egg  whe^ 
inoculated  by  yolk  sac,  allantoic  or  chorioallantoic  membrane  routes.  However, 
in  all  cases  the  virus  fails  to  cause  death  of  the  embryo,  and  there  are  no 
apparent  changes  referable  to  .'irus  infection. 

Titers  of  approximately  6  logs  have  been  obtained  in  the  chick  embryo. 
Allantoic  fluid  titers  have  been  about  1  log  lower.  Further  passages  are  in 
progress  to  determine  whether  allantoic  adaptation  will  eventually  result  in 
higher  titered  virus.  The  stability  of  the  virus  on  short-term  storage  as 
chick  embryo  slurry  or  allantoic  fluid  appears  excellent.  In  contrast  to  some 
tissue  culture  preparations,  virus  stored  for  one  month  at  -70  C  has  not  dropped 
in  titer. 

TP-21  in  Tissue  Culture.  TP-21  has  been  inoculated  an/  passaged  in  2  cell 
lines,  chick  embryo  cells  in  monolayer,  prepared  in  our  laboratory  and  greer. 
monkey  (Cercoplthecus  aethiogs)  kidney  cell  monolayers  purchased  from  Micro¬ 
biological  Associates,  Bethesda,  Md.  Growth  rates  and  titers  are  similar  If 
not  identical  for  the  2  kinds  of  cells.  Mo  CPE  has  been  observed.  Serial 
passages  of  virus  are  being  done  to  determine  if  viral  changes  due  to  host 
adaptation  will  result  in  CPE.  To  date  plaques  have  not  been  produced  in  either 
cell  line  but  more  exhaustive  studies  are  planned. 

Table  IV  shows  results  of  a  typical  growth  experiment .  Chick  embryo  cell 
monolayers  were  inoculated  with  varying  dilutions  of  virus  and  Incubated  at 
35  C .  On  days  3,  4,  5,  and  6  the  supernatant  fluids  were  removed  and  replaced 
with  fresh  media.  The  supernates  were  titrated  in  mice. 

TABLE  IV.  ASSAY*'  OF  TP-21  VIRUS  GROWN  IN  CHICK  EMBRYO  CELLS 


I'iv/CuLUM  TP-21, 
CFl^/  PASSAGE 
.  '  ..  DILUTION 

VIRUS  TITER 

3 

MTCLD50 

4 

BY  DAY  OF 

5 

HARVEST 

6 

10*1 

3.10 

2.83 

N.D.-/' 

N.D. 

10* 2 

2.60 

3.63 

3.5 

2.35 

H 

o 

1 

u> 

1.87 

4.0 

3.75 

3.63 

10“A  to  10*6 

Nr'g 

Neg 

Neg 

00 

£ 

a.  Assayed  for  lethality  in  intracerebrally  ino: dated  mice  and  expressed  in 
legs . 

b  First  passage  in  chick  embryo  cells, 
c .  ND  =  Net  done  . 
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Virus  yields  were  very  low.  and  the  cells  continued  to  produce  low  levels 
of  infectious  virus  until  about  the  6th  day  when  both  infected  and  control 
cells  began  to  die. 

There  has  been  considerable  difficulty  in  maintaining  the  virus  in  serial 
passage  in  monkey  kidney  cells.  On  several  occasions  it  has  bean  necessary 
to  return  to  early  passage  material  after  mouse  titrations  revealed  that  the 
virus  had  been  "lost".  These  unsuccessful  passages  were  associated  with 
storage  of  the  virus  over  short  periods  when  the  commercial  supplier  had 
failed  to  deliver  the  usual  monkey  kidney  cell  supply.  An  experiment  was 
performed  to  determine  if  short-term  storage  and  absence  of  protective  protein 
in  the  stored  material  might  cause  rapid  inactivation  of  the  virus.  Five 
bottles  of  monkey  kidney  cells  we.e  Inoculated  with  virus.  After  a  short 
period  for  viral  adsorption  the  bottlaa  were  overlaid  with  a.  Two  bottles 
received  Mixture  199  with  no  serum.  The  remaining  3  bottlei  e>.  -*»d  Mixture 

199  with  IX,  2Z  and  3%  volumes  of  whole  calf  serum  respecfci'  f .  Xne  -  ’die 

were  not  changed  during  the  course  of  the  experiment.  On  ds  4  and  •epics 

were  taken  frets  each  bottle  and  titrated  in  mice.  The  eartpl  were  froi 

and  stored  for  11  days  at  -70  C.  Samples  from  one  of  the  la  «r»  which  \ 

19?  only  as  media,  were  treated  with  calf  serusatto  give  a  fii  .  2%  cones*: 
tration  Just  prior  to  storage.  Results  of  this  experiment  are  seen  in  Tat  V. 
From  this  chart  it  can  be  seen  that  the  most  stable  virus  was  from  the  cult  re 
where  only  media  199  was  used  during  growth  and  serum  was  added  Just  prior  t 
storage.  When  no  sens  was  used  during  growth  or  storage,  or  when  serum  was 
in  the  media  during  virus  replication  there  was  a  decrease  of  titer.  It  veui 
appear  from  this  experiment  that  fresh,  undegraded  serum  protein  serves  well 
to  stabilise  TP-21  virus  on  short-tern  storage. 


TABLE  V.  EFFECT  0?  SHORT-TERM  STORAGE  ADD  SERUM  CM  TP-21  VIRUS 


a.  Mouse  intracerebral  median  lethal  dose  expressed  in  logs, 
b ••  2T  Calf  serum  added  before  storage. 

c.  Eat  calculated.  Ho  deaths  at  10"*  but  deaths  in  weaker  dilutions. 
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After  storage,  virus  grown  for  5  days  in  cells  overlaid  with  serum-containing 
media  did  not  produce  the  expected  death  pattern  ir.  mice  when  inoculated  in 
serial  log  dilutions.  Mice  inoculated  with  [the  lowest  dilution  of  10*^  survived, 
whereas  those  in  subsequent  di_utions  through  10"^  died  within  the  period  of 
time  previously  established  for  TP-21  virus  .1  This  may  be  the  result  of  inter¬ 
ference  between  high  levels  of  nonviable  virus  accrued  during  incubation  and 
storage,  and  surviving  live  virus  .  These  results  are  entirely  consistent  with 
those  found  in  classic  studies  of  auto-interference  first  described  with  influ¬ 
enza  virus.  Further  definitive  studies  would  be  required  to  establish  the  exact 
cause  of  the  apparent  interference. 

I 

Other  studies  of  TP-21  in  cell  systems  are  in  progress.  Hainater  kidney  cells 
are  in  use.  Experiments  are  being  done  to  determine  optimal  growth  temperatures. 
Future  experiments  are  planned  to  study  the  mechanisms  of  virus  Infection  of  the 
cell . 

I  ! 

Summary  andj  Conclusions:  j 

Langat  virus,  TP-21  strain,  will  grow  well  in  the  mouse  brain  but  poorly  in 
other  laboratory  hosts  with  the  methods  employed.  Tissue  culture  virus  is  un¬ 
stable  on  short-term  storage  in  the  frozen  state,  without  addition  of  whole 
serum  before  freezing.  High  doses  of  live  virus  are  necessary  to  produce 
complement -fixation  or  neutralizing  antibody.  Experiments  with  inactivated 
virus  have  not  been  performed. 

Studies  are  in  progress  to  increase  viral  yields  and  to  uncover  additional 
markers  of  viral  activity. 

Publications: 

None . 
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Diibert  methanol  method,  using  a  single  precipitation  at  -10  C.  Total  proteins  i 

were  calculated  by  the  Biuret  method;  paper  electrophoresis  was  employed  to  j 

evaluate  the  globulin  fractions.  No  significant  variations  in  total  proteins  ; 

were  observed  in  any  single  serum  sample  over  a  pH  range  of  4. 9-7. 6,  The  ' 

optimal  pH  for  maximum  yield  of  globulins  was  7.0,  with  only  minor  variations 
in  the  values  obtained  between  7.0  and  7.3. 
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Progress: 


Samples  of  normal  burro,  chicken,  rabbit  and  swine  sera  were  obtained 
from  clinically  normal  animals.  Portions  of  these  sera  were  separately 
fractionated  by  the  Dubert  methanol  method  (one  precipitation  at  -10  C) 
at  pH  values  ranging  from  4. 9-7. 6.  Following  fractionation,  the  total 
protein  of  each  test  sample  was  calculated  by  the  Biuret  method.  Globulin 
fractions  were  determined  by  paper  electrophoresis. 


The  total  protein  determinations  were  remarkably  consistent,  no  matter 
which  pH  was  used  during  frac*- ionation.  The  electrophoretic  patterns 
indicated  the  optimum  pH  for  maximur:  gle'"’1in  return  from  the  Dubert  methanol 
fractionation  method  was  7.0,  and  that,  in  the  range  7. 0-7. 3,  little  variation 
was  observed  in  results. 


and  Conclusions: 


During  methanol  fractionation  of  sera  by  the  method  of  Dubert,  the 
greatest  globulin  return  from  the  procedure  was  obtained  at  pH  7.0. 
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Pure  silica  powder,  5w  particle  Bite,  was  injected  into  roosters  via  the 

intravenoi  route.  Thirty  days  after  injection  of  the  lilica  powder,  separate 
groups  of  these  treated  animals  were  challenged  with  the  SCHU-S4  strain  of 
Pasteurella  tularensis  and  Venezuelan  equine  encephalomyelitis  virus,  Trinidad 
strain.  Untreated  control  roosters  were  also  challenged  at  the  same  time. 

After  appropriate  intervals,  both  treated  and  untreated  animals  were  bled  out, 
the  sera  titrated  for  antibody  levels,  and  portions  conjugated  with  fluorescein 
isothiocyanate.  No  significant  differences  were  observed  between  test  groups 
in  production  of  antibody.  Further,  the  sera  from  silica-treated  roosters 
was  universally  cloudy  and  generally  unsatisfactory  for  research  use  when 
conjugated  with  fluorescence. 
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To  study  the  adaptation  of  fluorescent  antibody  technique®,  found  to  be 
useful  in  identifying  such  agents  as  Rift  Valley  fever  virus  in  tissues 
to  the  demonstration  of  other  microbial  pathogens  in  animal  tissues. 

Progress: 

Pernis  and  Paronatto  (Proc  Soc  Exp  Biol  Med  110:390,  1962)  have  indicated 
that  injections  of  pure  silica  powder  may  effectively  increase  production 
of  antibody  in  certain  species  of  animals.  In  order  to  determine  whether 
this  method  is  effective  in  increasing  the  antibody  titer  in  rooster  sera 
against  Pasteurella  tularenaia  and  Venezuelan  equine  encephalomyelitis  (VEE) , 
roosters  were  given  70  ug/kg  of  pure  silica  powder,  5u  particle  size,  via 
the  intravenous  route.  Thirty  days  following  the  completion  of  the  silica 
in JscLion  regimen,  separate  groups  of  the  fowl  were  challenged  with  the 
SCHU-S4  strain  of  P.  tularensis  snd  VEE  virus,  Trinidad  strain.  Nontreated 
controls  were  alao  challenged  at  the  same  time. 

After  appropriate  Intervals,  the  roosters  were  bled  out,  the  sera  were 
fractionated  and  portions  of  the  final  product  conjugated  with  fluorescein 
isothiocyanate.  Total  proteins  were  measured  and  the  globulin  fractions 
calculated  by  proper  electrophoresis. 

The  average  antibody  titers  produced  in  the  silica-treated  roosters 
were  no  higher  than  those  in  nontreated  control  animals.  Total  protalns 
were  similar  and  the  percentage  values  of  the  globulin  fractions  were 
not  altered  by  the  prechollenge  treatment.  Further,  it  was  extremely 
difficult  to  clarify  the  conjugated  portions  from  the  treated  animals  and 
in  general,  these  tagged  a.itiaera  gave  poor  results  under  experimental 
circumstances . 
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Summary  and  Conclusions: 

Prechallenge  treatment  of  roosters  with  silica  powder  failed  to  stimulate 
an  increase  is  antibody  titer,  when  these  animals  were  later  challenged  with 
P.  tularenais  and  Trinidad  strain  VEE  virus.  The  silica  also  interfered  with 
the  conjugation  procedures  and  an  unsatisfactory  tagged  antiserum  resulted. 
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In  vitro  culture  of  bone  narrow  obtained  relatively  late  in  the  course  of 
disease  in  both  nan  and  aohkeys  has  resulted  in  isolation  of  VEE  virus  not 
detected  by  conventional  procedures.  Viable  narrow  cells  served  as  both  the 
source  cf  »irus  and  as  susceptible  tissue  supporting  virus  Multiplication.  It 
is  suggested  that  this  method  nay  have  application  in  the  diagnosis  of  other 
viral  diseases, 

A  manuscript  has  been  written  which  will  be  submitted  for  publication. 
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Description: 

To  develop  ■  diagnostic  system  in  which  bone  narrow  serves  as  both  a 
clinical  specimen  and  a  host  system  for  in  vitro  virus  propagation. 

Progress: 

A  system  of  in.  vitro  cultivation  of  oone  marrow,  employing  monolayer 
cultures  of  marrow  cells  alone  and  sorrow  cells  in  combination  with  L  relit, 
was  described  in  the  FY  1963  Annual  Report.  These  studies  have  been  extended 
employing  the  same  techniques, 

Venezuelan  equine  encephalomyelitis  (VEE)  infection  if.  monkeys  following 
subcutaneous  inoculation  of  1000  MIPLD^q  of  the  virulent  virus  (Trinidad  strain) 
was  accompanied  regularly  by  vireaia  (Table  I).  By  testing  in  mice,  virus  wa3 
demonstrated  in  all  blood  end  bone  marrow  samples  obtained  during  the  first 
4  days  of  infection,  but  none  after  day  5. 

TABLE  I.  PRESENCE  OF  VEE  VIRUS  IN  MONKEY  BLOOD  AND  BONE 
MARROW  AS  DETERMINED  BY  MOUSE  INOCULATION 


NO. 

POSITIVE/NO.  SPECIMENS 
Day  of  Infection 

TESTED 

l 

? 

A 

c 

Blood 

2/2 

2/2 

6/6 

6/6 

2/8 

0/7 

0/8 

Bone  marrow 

2/2 

2/2 

4/4 

1/1 

1/5 

0/S 

0/8 

In  S  of  12  monkeys,  however,  bone  marrow  culture  resulted  In  isolation 
of  virus  in  one  or  both  cultural  systems  relatively  late  in  the  course  cf 
infection,  after  vireaia  had  subsided  (Table  II),  With  the  exception  of  the 
day  S  marr  from  monkey  No.  10A-9,  direct  mouse  inoculation  of  the  ma.row 
samples  failed  to  demonstrate  virus  and  all  corresponding  peripheral  blood 
samples  were  negative  when  tested  in  mice  and  i,  cell  cultures. 
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In  the  cultural  system  employing  marrow  cells  alone,  virus  not  only 
persisted  but  multiplied  to  relatively  high  titer.  In  general,  marrow  cells 
obtained  from  monkeys  early  in  the  infection  survived  in  vitro  for  only  several 
days,  and  inoculation  of  those  early  specimens  containing  virus  in  high  titer 
into  L  cell  cultures  resulted  in  gross  cytopathic  effect  (CPE)  in  48-72  hours. 
Marrow  cells  obtained  after  day  4  or  infection  could,  with  few  exceptions,  be 
maintained  in  vitro  for  at  least  1  week.  In  some  instances  cultures  of  marrow 
cells  alone  or  in  combination  with  L  cells  remained  viable  for  almost  a  month; 
virus  was  produced  continuously  during  this  period.  Such  chronically  infected 
cultures  were  noteworthy  in  that  VEE  virus  usually  produces  marked  CPE  and 
death  of  L  cells  in  48-72  hours.  Mouse  inoculation  of  virus  harvested  from 
these  long  term  cultures  demonstrated  no  viral  attenuation, 

A  portion  of  each  of  the  marrow  samples  obtained  after  day  S  of  infection 
was  subjected  to  1  or  2  freeze-thaw  cycles  to  disrupt  cells  prior  to  inoculation 
into  L  cell  culture.  Experience  with  the  virus  in  this  lnboratory  has  shown 
it  to  be  stable  upon  such  treatment.  Supernatant  fluids  of  cultures  inoculated 
with  these  materials  contained  no  virus.  Thus  it  would  appear  that  viable 
marrow  cells  were  required  for  virus  multiplication  to  occur,  in  spite  of  the 
fact  that  L  cells  are  known  to  be  highly  susceptible  to  infection  with  VEE 
virus. 

The  investigative  use  of  VEE  virus  as  an  antineoplastic  agent  ir  man, 
reported  by  Tigertt  and  co-workers  (Cancer  15:628,  1962)  afforded  the 
opportunity  to  extend  these  studies  to  a  small  series  of  patients.  A  single 
bone  marrow  specimen  was  obtained  from  each  of  6  patients  with  ly®pho»atous 
disease  8-13  days  after  subcutaneous  inoculation  of  the  attenuated  strain. 

Direct  mouse  inoculation  failed  to  demonstrate  virus  in  any  of  these  specimens. 
In  one  instance,  however,  in  vitro  incubation  of  a  marrow  sample  obtained  on 
postircculation  day  8  resulted  in  multiplication  and  demonstration  of  the 
virus.  Supernatant  fluids  removed  from  the  marrow  culture  after  24  and  48 
hours  of  in  vitro  incubation  protected  mice  against  challenge  with  virulent 
virus.  Trie"  Fluids  were  of  low  virus  titer,  containing  slightly  greater  than 
100  MIPID  /ml  at  48  hr.  The  cultures  consisted  of  marrow  cells  only;  the 
marrow-L  cell  monolayer  was  not  employed.  At  a  later  date  the  same  marrow 
sample  was  inoculated  into  an  L  cell  culture  after  prior  freeze-thaw  cycles; 
no  virus  was  recovered. 

As  objective  evidence  of  tumor  regression  was  noted  in  some  patients 
infected  with  the  attenuated  strain  of  virus  and  in  the  hope  that  the  Trinidad 
VEE  strain  would  exert  a  more  profound  antitumor  effect,  2  patients  received 
this  virus.  Both  had  far-advanced  Hodgkin's  disease  which  was  progressive 
despite  all  other  forms  of  therapy.  Both  tolerated  the  infection  well  and 
neither  exhibited  evidence  of  encephalitis.  In  one,  a  dramatic,  though  short¬ 
lived,  remission  of  the  Hodgkin's  disease  occurred.  Bone  marrow  aspirates  and 
samples  of  peripheral  blood  were  obtained  from  this  patient  on  postinoculation 
days  2,  6,  10  and  18  and  tested  for  virus  content  (Table  III).  Day  2  and  day 
6  marrow  contained  virus  in  lower  titer  than  the  corresponding  peripheral  blood. 
On  days  10  and  18  both  blood  and  bone  marrow  were  negative  upon  direct  mouse 
inoculation. 
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No  virus  was  recovered  from  L  cell  cultures  inoculated  with  peripheral 
blood  obtained  on  postinoculation  days  10  and  18.  Hemagglutination-inhibiting 
antibody  titers  of  day  10  and  day  18  sera  were  rsspectively  1:40  and  1:10,240. 
The  latter  senna  neutralized  greater  than  106  MIPLDS0  of  VEE  virus.  Virus  was 
recovered  froa  both  day  10  and  day  IS  narrow  by  narrow  culture.  Five  days  of 
in  vitro  incubation  of  the  day  18  narrow  were  required  before  virus  was 
demonstrated.  No  CPE  occurred  in  this  culture,  and  the  infected  cells  were 
maintained  for  more  than  1  month.  After  repeated  freeze-thaw  cycles  portions 
of  these  marrows  (days  10  and  18)  were  incubated  with  L  cells  and,  as  was  the 
case  with  the  monkey  narrows,  no  virus  was  recovered.  This  again  indicates 
that  narrow  ceils  must  remain  viable  in_  vitro  to  allow  for  virus  multiplication 

Suzmary  and  Conclusions: 

In  vitro  culture  of  bone  marrow  obtained  relatively  late  in  the  course 
of  disease  in  both  man  and  monkeys  has  resulted  in  isolation  of  VEE  virus  not 
detected  by  conventional  procedures.  Viable  marrow  cells  served  as  both  \:he 
source  of  virus  and  as  susceptible  tissue  supporting  virus  multiplications. 

It  is  suggested  that  this  method  may  have  application  in  the  diagnosis  of  other 
viral  diagnosis. 
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-00-06:  Study  of  Selected  Arthropod  Vector-Host  Relation¬ 
ships  by  Immunologic  Methods 


Description: 

To  investigate  the  possible  value  of  using  guinea  pigs  sensitized  to 
heterologous  animal  protein  for  the  dual  purpose  of  identifying  the  source 
of  arthropod  blood  meals  and  for  isolation  of  agents  transmitted  oy  these 
arthropods . 

Progress: 


In  preliminary  experiments  guinea  pigs  rendered  hypersensitive  to  horse 
serum  were  employed.  Sensitization  was  accomplished  by  the  inoculation  of 
horse  serum  incorporated  in  Freund's  complete  adjuvant. 

Initially  Aedes  trlseriatus  mosquitoes  were  fed  horse  serum  by  the 
hanging  drop  technique  in  order  to  determine  whether  serum  proteins  could 
be  detected  following  ingestion. 

On  days  0,  2,  4,  8,  and  16  after  feeding,  10  mosquitoes  were  triturated, 
and  the  supernatant  fluid  was  inoculated  intradermally  into  the  previously 
sensitized  guinea  pigs.  No  visible  skin  reactions  occurred.  It  appears 
that  failure  to  obtain  reactions  was  related  to  the  degree  of  sensitization. 
This  conclusion  is  supported  by  the  fact  thac  inoculation  of  relatively  large 
amounts  of  horse  serum  elicited  skin  responses  in  the  same,  animals  . 

Repeated  attempts  to  increase  the  sensitivity  of  the  system  were  unsuc¬ 
cessful.  No  additional  experiments  are  planned. 

Summary  and  Conclusions: 

The  use  of  guinea  pigs  sensitized  to  heterologous  animal  protein,  for  the 
purpose  of  identifying  the  source  of  arthropod  blood  meals  does  not  appear 
feasible . 
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1.  To  define  the  specific  nutritional  requirements  for  optimal  growth 
of  virulent  and  avirulent  strains  of  Pasteurella  tularensis . 

2.  To  identify  basic  differences  and  mechanisms  involved  in  the  meta¬ 
bolic  activities  of  fully  virulent  and  avirulent  strains. 


3.  To  define,  in  so  far  as  possible,  the  determinants  of  virulence  in 
tins  species. 


Progress : 

No  progress  to  report  at  this  time. 
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Several  areas  were  explored  in  the  present  studies  on  development  of 
criteria  for  iii  vitro  identification  of  strains  of  Bacillus  anthracis. 
Cultural  reactions  and  virulence  of  mutants  Isolated  after  challenge  of 
treated  animals  were  Investigated.  Methods  for  in  vitro  detection  of  sensi¬ 
tivity  to  penicillin  were  compared  and  an  attempt  was  made  to  distinguish 
between  strains  by  the  effect  of  antiserum  on  growth.  A  considers!  e  effort 
was  made  to  determine  the  germination,  growth  and  sporulation  requirements 
of  several  strains  in  a  minimal,  chemically-defined  medium.  Results  of 
these  experiments  will  be  reevaluated  because  recent  work  indicates  the 
presence  of  Impurities  in  a  component  of  the  medium. 
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Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Laboratory  Identification  of  Biological  Warfare 
Agents 

Characterisation  of  Strains  of  Bacillus  anthracls 
that  Differ  In  Biologic  Activity 


To  develop  criteria  lor  _in  vitro  Identification  of  strains  or  mutants 
of  Bacillus  anthracls  that  differ  in  biologic  activity. 

To  determine  mechanisms  of  In  vivo  production  of  mutants. 

Progress : 

Investigations  were  continued  with  a  number  of  wild  strains  of  Bacillus 
anthracls  and  with  mutants  isolated  at  autopsy  from  Immunized  guinea  pigs  and 
from  a  monkey  inadequately  treated  with  penicillin.  Virulence,  penicillin 
sensitivity  and  growth  in  complex  and  In  chemically-defined  media  were 
studied.  The  following  strains  and  mutants  were  used:  (1)  wild  strains 
Vlb-189,  NH-6 ,  95,  107,  108,  116,  992,  979,  1133  and  7287;  (2)  mutants  of 

Vlb-199  from  the  penicillin-treated  monkey:  4-8  and  10-24;  (3)  mutants  of 

Vlb-189  from  immunized  guinea  plgs:5C,  201A,  207.B,  203C  and  205A;  and  (4) 
mutants  of  NH-6  from  Immunized  guinea  pigs:  101A,  101C,  105C,  114C  and  308C. 

Virulence  Studies  with  Mutants.  Homogeneous  spore  suspensions  were  pre¬ 
pared  from  representative  mutant  strains.  All  strains  produced  capsules 
when  grown  on  bicarbonate  agar  in  an  atmosphere  of  CC^,  but  in  many  instances 
colonial  appearance  was  markedly  different  from  that  of  the  parent  strains. 

In  general,  all  mutants  grew  more  slowly  and  formed  more  opaque  colonies; 
some  mutants  produced  colonies  with  a  creamy  consistency  and  some,  colonies 
with  a  faint  yellowish  color.  The  unusual  colonial  appearance  of  these 
str^-'ns  suggested  that  the  mutants  might  be  less  virulent  than  the  parent 
strains.  Consequently,  representative  strains  were  selected  for  virulence 
titrations  in  guinea  pigs. 

Virulence  and  some  cultural  characteristics  of  parent  and  mutant  strains 
are  summarized  in  Table  I.  Challenge  suspensions  were  prepared  at  3  dose 
levels  for  each  strain;  10,  50  and  250  spores/dose.  Groups  of  5  guinea  pigs 
of  the  Hartley  strain  (450  ±  50  gm) ,  identified  by  tatoo,  were  injected  sub¬ 
cutaneously  with  0.5  ml  amounts  of  each  suspension.  Animals  were  observed 
twice  daily  for  21  days,  but  all  deaths  occurred  within  3  to  7  days.  Spleens 
were  removed  at  autopsy  from  most  of  the  animals  that  died  and  were  used  for 
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a.  Penicillin:  strains  isolated  from  a  monkey  inadequately  treated  with 

penicillin. 

Immune:  strains  Isolated  from  guinea  pigs  immunized  with  protective 

antigen.  Ii  j 

b.  Long  chains  of  organisms  in  spleen  impressions. 

:  I 

preparation  of  impression  smears  and  for  jculture  on  nutrient  agar  and 
bicarbonate  agar.  In  every  instance,  characteristics  of  all  organisms 
recovered  after  death  of  the  animal  were  the  same  as  those  of  the  corres¬ 
ponding  challenge  suspensions.  Extremely  long  chains  of  organisms  were 
observed  in  spleen  impressions  from  animals  challenged  with  2  mutants  (5C 
and  202B)  of  strain  Vlb-189  and  1  mutant  (101A)  of  strain  NH-6;  the  paucity 
of  bacilli  in  these  smears  suggested  that  the  concentrations  of  organisms 
at  time  of  death  was  relatively  low.  High  concentrations  of  the  usual  short 
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chains  of  bacilli  were  found  in  impression  smears  from  animals  challenged 
with  all  other  mutants;  in  many  instances,  however,  the  bacilli  were  more 
variable  in  size  or  staining  reaction  than  those  of  the  parent  strains. 
Challenge  of  all  survivors  at  21  days  with  1,000  spores  of  strain  Vlb-189 
resulted  in  death  within  3  to  5  days,  indicating  the  absence  of  an  immune 
response  in  animals  that  survived  a  dose  of  10-250  spores  of  the  mutant 
strains. 

There  was  some  evidence  that  relative  virulence  of  strains  for  mice 
might  differ  from  virulence  for  guinea  pigs.  In  studies  designed  for 
another  purpose,  groups  of  mice  were  challenged  subcutaneously  with  100 
spores  of  each  of  4  strains.  Mortality  for  mice  did  not  correspond  to 
expected  mortalities,  as  predicted  from  dose  in  terms  of  guinea  pig  LD^q 
(Table  XI).  Virulence  titrations  will  be  done  in  mice  with  a  number  of 
strains  to  investigate  the  possibility  of  using  host  response  as  a  means 
of  distinguishing  strain  differences. 


TABLE  II.  MOUSE  SURVIVAL  RATIO  AND  MEAN  TIME  TO  DEATH  AFTER  SUBCUTANEOUS 
CHALLENGE  WITH  STRAINS  OF  B.  ANTHRACIS  (Challenge  dose,  100 
spores) 


STRAIN 

DOSS 

IN  TERMS  OF 

g*>ld50 

MORTALITY  RATIO 

No.  Dead/No.  Challenged 

MEAN  TIME  TO  DEATH 
(Days) 

Vlb-189 

25.0 

18/20 

2.6 

NH-6 

3.0 

20/20 

2.3 

10-24 

5.0 

13/20 

3.5 

4-8 

0.4 

18/20 

4.1 

Cultural  reactions  gave  little  Indication  of  relative  virulence. 
Animals  challenged  with  strains  that  grew  slowly  in  vitro  (10-24,  5C  and 
202r;  survived  somewhat  longer  than  those  challenged  with  more  rapidly 
growing  strains  of  the  same  or  lower  virulence.  Cultures  with  a  creamy 
consistency  of  growth  or  a  slight  yellowish  color  (4-8,  205A  and  ’01A) 
were  somewhat  reduced  in  virulence;  but  7  of  the  12  strains  appeared  to 
be  as  virulent  for  guinea  pigs  as  the  parent  strains.  All  cultures  were 
encapsulated  when  grown  on  bicarbonate  agar  in  an  atmosphere  of  CO2  but 
one  mutant  (202B)  was  unable  to  grow  under  these  conditions  unless  vege¬ 
tative  cells  or  high  concentrations  of  spores  were  used  as  an  Inoculum. 
On  minimal,  defined  medium  colonies  of  several  mutants,  especially  those 
of  NH-6  origin,  appeared  lysed  as  If  by  bacteriophage. 


i 


At  the  time  the  virulence  titrations  were  done,  2  mutants  of  strain 
Vlh-189  from  immunized  guinea  pigs  (205A,  203C)  and  4  mutants  of  strain 
NH-6  (101C,  105C,  114C,  308C)  were  resistant  to  penicillin.  If  14-hr 
growth  on  bicarbonate  agar  wa.  overlaid  with  agar  containing  sufficient 
penicillin  to  give  100  units/ml  of  medium,  10-307.  of  the  colonies  of 
these  resistant  strains  (original  inoculum,  100  spores)  continued  to  grow 
whereas  colonies  of  the  sensitive  parent  strains  were  lysed  by  1  unit 
penicillin/ml.  In  contrast  to  previous  work  with  strains  4-8  and  10-24, 
no  attempt  was  made  at  this  time  to  establish  population:;  of  uniformly 
high  resistance.  Approximately  a  year  later  additional  studies,  described 
below,  were  initiated  to  investigate  outgrowth  of  spore  inocula  in  the 
presence  of  penicillin.  When  spore  suspensions  of  the  guinea  pig  mutant 
strains  were  re-examined,  no  resistance  to  penicillin  could  be  demonstrated. 
This  loss  of  resistance  may  be  associated  with  a  decrease  in  spore  count 
that  also  occurred  during  storage.  Experiments  with  fre  h  isolates 
obtained  after  challenge  of  another  group  of  inadequately  immunized  guinea 
pigs  may  provide  an  explanation  for  the  altered  activity  of  the  present 
suspensions.  A  portion  of  this  material  has  been  included  in  a  report 
submitted  for  publication  under  Study  No.  02-20-01. 

Studies  with  Penicillin.  Previous  investigations  on  the  effect  of 
penicillin  were  confined  to  studies  with  encapsulated  vegetative  cells, 
in  the  belief  that  such  cells  more  closely  approximated  the  in  vivo  state 
of  the  organism.  By  overlay  techniques  it  was  possible  to  select  encapsu¬ 
lated  strains  with  uniformly  high  resistance  to  penicillin.  Strains  4-8 
and  10-24  were  selected  by  this  method  and  have  remained  stable  for 
several  years.  Additional  studies  were  undertaken  to  compare  other 
aspects  of  the  growth  response  of  such  resistant  strains  with  those  of 
typical  sensitive  strains  in  the  presence  of  penicillin. 

In  the  standard  overlay  test,  bicarbonate  agar  plates  were  inoculated 
with  approximately  100  spores,  incubated  for  14  hr  in  an  atmosphere  of 
CO2,  and  overlaid  with  27.  Bacto  agar  containing  sufficient  penicillin  to 
give  100  unlts/ml  medium.  Under  these  conditions  colonies  of  sensitive 
strains  were  lysed  whereas  colonies  of  resistant  straina  continued  to 
grow.  If  nutrient  agar  was  substituted  for  bicarbonate  agar  and  the 
plates  incubated  in  air  for  14  hr  before  overlay,  colonies  of  sensitive 
strains  as  well  as  those  of  resistant  strains,  were  able  tc  continue 
growth  in  the  presence  of  penicillin.  By  decreasing  the  time  between 
inoculation  and  overlay  so  that  the  size  of  colonies  on  nutrient  agar 
was  comparable  to  the  size  of  14-hr  colonies  on  bicarbonate  agar,  it  was 
possible  to  demonstrate  lysis  of  sensitive  strains.  These  results  with 
sensitive  strains  are  compatible  with  what  would  be  expected  if  peni¬ 
cillinase,  or  some  penicillin  inhibitor,  was  produced  during  growth.  The 
mechanism  of  resistance  of  highly  resistant  strains  (4-8,  10-24)  appeared 
to  be  somewhat  different;  growth  occurred  in  the  presence  of  penicillin 
ever,  when  there  was  no  visible  colony  development  at  time  of  overlay. 


StuiLte -^.aajaa^aiM&igBaiifeiaBtatetfe^iiiii^HB^i^a^aiiaiy^arijatasBafli^^aaaaifaaat^k  a -- a — a - -  - —*——*»■■>-  - .- ia> . . 


259 


Studies  on  outgrowth  from  spore  inocula  in  media  containing  penicillin 
contributed  to  an  understanding  of  factors  involved  in  penicillin  resistance. 

In  previous  outgrowth  studies,  with  small  inocula  (100  spores)  of  sensitive 
strains.  0.01-°.  03  units  penicillin/tnl  inhibited  growth  in  tryptose  thiamine 
broth,  on  nuti  > -.^i:  agar  and  on  bicarbonate  agar.  With  large  inocula  (10^- 
10°  spores)  significant  differences  in  sensitivity  of  strains  were  observed 
in  tryptose  thiamine  broth.  In  particular,  considerably  more  penicillin  was 
required  to  inhibit  growth  of  the  avirulent  noncapsulated  Weybrldge  strain 
than  that  of  virulent  strains.  Other  investigators  have  made  similar  obser¬ 
vations  Bennett  and  his  co-workers  (Antibiotics  and  Chemotherapy  9:115, 

1969)  reported  that  avirulent  laboratory  strains  were  more  than  1,000  times 
more  resistant  to  penicillin  than  virulent  strains.  Therefore  It  was  necessary 
to  determine  whether  the  presence  of  avirulent  mutants  in  large  Inocula  might 
be  responsible  for  differences  in  the  apparent  resistance  of  virulent  strains. 

By  use  of  bicarbonate  agar  it  would  be  possible  to  detect  the  presence  of 
noncapsulated  mutants. 

Spore  concentrations  of  10-*-l0^  spores  of  virulent  parent  and  mutant 
strains  were  plated  on  nutrient  and  bicarbonate  agar  containing  0.1,  1,  10 
and  100  units  penicillin/ml .  Only  highly  resistant  strains  (4-8,  10-24) 
were  able  to  grow  on  nutrient  agar  containing  penicillin  and  at  penicillin 
concentrations  greater  than  0.1  units/ml;  growth  consisted  of  encapsulated 
cella  except  at  the  100  unit/ml  penicillin  concentration  (strain  4-8). 

All  strains  grew  on  bicarbonate  agar  containing  0.1  unit  penlclllin/ml  but, 
with  thi  exception  of  strains  4-8  and  10-24,  growth  represented  less  than 
0.1X  of  the  Inoculum  and  colonies  of  noncapsulated  calls  were  usually  present. 

The  proportion  of  the  plate  population  that  was  noncapsulated  varied  with  tN 
strain.  When  several  plates  of  the  same  strain  shewed  differences  in  amount 
of  growth,  increased  growth  was  associated  with  an  Increase  in  the  number  ov 
colonies  of  noncapsulated  cells.  Microscopic  (430X)  examination  of  colonies* 
indicted  that  noncapsulated  cells  were  not  affected  by  penicillin  but 
encapsulated  cells,  especially  those  at  the  edge  cf  colonies,  were  twisted 
or  showed  some  string-of -pearls  reaction.  The  antibiotic  appeared  to  favor 
selection  of  noncapsulated  mutants  in  the  original  Inocula;  with  Inocula  of 
10^-106  spores  mutants  could  be  detected  if  they  represented  only  0.001X  of 
the  population. 

/X,  In  Vitro  Studies  with  Antiserum.  A  series  of  experiments  were  done  to 

j  x  te'\  whether  differences  in  strains  Vlb-189  and  NH-6  could  ha  detected  by 

1  culture  in  homologous  and  heterologous  hyperimmune  burro  sera.  The  most 

noteworthy  observation  from  these  studies  was  the  suppression  of  growth  by 
sera  from  untreated  burros  but  not  by  sera  obtained  from  the  ,ame  aniaals 
after  immuni ration. 

I 

Neither  rate  of  growth  nor  final  cell  yield  of  any  strain  was  altered  I 

by  the  presence  of  10X  burre  »erum  in  medium  that  allowed  optimum  growth 
or  in  minimal  defined  medium,  but  the  organisms  always  grow  In  long  chains.  ! 

Some  cells  of  the  Waybridge  strain  became  spherical  and  appeared  to  degenerate 
In  all  sera;  the  same  effect  was  noted  with  strain  NH-6  but  only  with  preimmune  1 
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sera,  not  with  hyper immune  sera.  Germination,  growth  and  final  cell  yield 
in  minimal,  defined  medium  were  markedly  stimulated  when  any  burro  serum 
was  in  207.  concentration;  the  only  serum  effect  on  individual  cells,  as 
observed  by  microscopic  examir.  .t  ion ,  was  the  formation  of  a  capaule  by 
some  cells.  In  1007.  serum  cultures  germination  rate  was  the  same  as  in 
207.  serum  cultures  but  growth  occurred  only  with  virulent  strains  and 
only  in  hyperimmune  sera.  Although  the  avirulent  Weybridge  strain  germi¬ 
nated  rapidly,  all  organisms  were  nonviable  within  4  hr  after  inoculation. 
The  lethal  serum  activity  was  resistant  to  heating  for  30  minutes  at  56  C. 

This  paradoxical  effect  of  pre-immune  and  hyperimmune  sera  may  be 
similar  to  some  bacteriolytic  effects  reported  by  various  investigators 
with  other  organisms  (Bact  Rev  21:273,  1957).  In  these  studies  addition 
of  specific  immune  serum  occasionally  decreased  the  lytic  activity  of 
normal  serum.  The  heat-resistant  C'4  fraction  of  complement  seemed  to  be 
required  in  the  system. 

Growth  in  Defined  Media.  Development  of  a  chemically  defined  medium 
was  described  in  the  previous  FY  1963  Annual  Progress  Report.  Until  very 
recently  a  medium  containing  0.005M  glycine,  0.001M  L-alanlne,  0.01M  DL- 
lyslne  HC1,  0.025M  L-glutamic  acid,  0.01M  glucose,  0.05M  (NH^SO^,  0.001M 
and  C.C0C04.M  MgS04  appeared  to  be  adequate  to  support  grow.h  of  all 
strains  of  B.  anthracls  tested:  10  wild  strains,  12  previously  described 
mutants  and  1  avirulent  strain. 

In  liquid  medium  germination  was  essentially  complete  in  4  hr.  The 
avirulent  Weybridge  strain  had  the  most  rapid  germination  rate;  NH-6 
strains,  parent  and  mutants,  and  2  mutants  of  Vlb-189  (5C  and  202B)  had 
somewhat  slower  rates;  and  strain  Vlb-189,  mutants  4-8  and  205A,  and  wild 
strains  107,  (108,  922,  1133  and  7287  germinated  slowly.  The  interval 
between  completion  of  germination,  a3  measured  by  return  to  heat  sensi¬ 
tivity,  and  initiation  of  log  phase  growth  was  2-4  times  longer  than  that 
required  for  the  same  strains  in  tryptose  thiamine  broth,  but  the  slope 
of  the  growth  curves  during  the  log  phase  was  the  same  as  in  tryptose 
thiamine  broth.  A  cell  yield  of  13-14  generations  was  obtained  within  48 
hr.  At  this  time  all  wild  strains  showed  good  aporulat! on ;  mutant  strains 
were  not  as  well  sporulated  but  spore  yields  were  as  good  or  better  than 
yields  from  complex  media.  Capsules  were  formed  by  virulent  strains  in 
the  presence  of  0.025M  NaHC03,  but  protective  antigen  and  toxin  could  not 
be  detected.  On  medium  containing  27.  Bacto  agar,  colony  counts  were 
generally  higher  than  on  the  usual  complex  nutrient  media. 

Growth  requirements  for  the  avirulent  Weybridge  strain  differed  from 
those  for  virulent  strains  Vlb-189  and  NH-6.  For  example,  for  growth  of 
the  Weybridge  strain  glucose  and  glycine  were  required  and  tris(hydroxy- 
methyl)-aminomethane  (Tris)  or  0.01M  bicarbonate  were  inhibitory.  With 
the  virulent  strains  Tris  could  partially  substitute  for  glycine  and  0.05M 
bicarbonate  was  not  inhibitory.  The  typical  virulent  strain,  Vlb-189,  had 
no  glucose  requirement  and  NH-6,  the  virulent  strain  that  killed  immunized 
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guinea  pigs,  could  utilize  glycerol  or  D-ribose  as  substitutes  for  glucose. 
Further  definition  of  growth  requirements  for  individual  streins  must  await 
solution  of  a  problem  that  was  encountered  recently. 

During  the  past  month  it  was  found  that  none  of  the  strains  was  able  to 
grow  satisfactorily  in  liquid  medium  prepared  with  a  new  lot  of  L-glutamlc 
acid  from  the  same  supplier  (Nutritional  Biochemicals  Corp.).  Substitution 
of  the  new  lot  of  L-glutamic  acid  in  solid  medium  containing  2%  Bacto  agar 
and  0.025M  NaHC03,  however,  resulted  in  the  same  or  better  recovery  from 
small  inocula  (50-100  spores)  of  10  of  the  23  strains  thin  on  the  control 
medium.  Only  40-75%  recovery  was  observed  for  the  other  13  strains.  Ap¬ 
parently  Bacto  agar  contained  some  growth  requirement  and/or  stimulant 
similar  to  the  impurity  in  the  old  lot  of  L-glutamic  acid.  Thiamine, 
purines,  pyrimidines,  glutamine  and  glutathione  did  not  stimulate  growth 
but  there  is  some  evidence  that  the  Cl-  may  be  implicated. 

Summary  and  Conclusions: 

Encapsulated  mutant  strains  isolated  frogi  a  monkey  inadequately  treated 
with  penicillin  and  from  immunized  guinea  pigs  were  virulent  for  guinea  pigs 
and  showed  no  reversion  to  parent  type  in  vivo.  As  has  been  demonstrated 
with  typical  virulent  strains,  animals  surviving  challenge  were  not  resistant 
to  a  subsequent  challenge.  None  of  the  present  cultural  methods,  however, 
provided  an  effective  in  vitro  means  of  evaluating  the  relative  virulence  of 
encapsulated  strains.  Limited  studies  suggested  that  estimates  of  relative 
virulence  derived  from  titrations  in  guinea  pigs  probably  would  not  be  the 
same  as  estimates  from  titrations  in  mice. 

In  vitro  methods  for  detecting  strain  differences  in  penicillin  sensi¬ 
tivity  are  complicated  by  production  of  penicillinase,  or  a  penicillin 
inhibitor,  by  many  strains  of  B.  anthracls.  When  several  methods  of  testing, 
penicillin  sensitivity  were  compared,  only  selected  mutants  that  were  iso¬ 
lated  after  inadequate  iji  vivo  treatment  with  penicillin  were  significantly 
more  resistant  than  the  parent  strain  in  all  tests.  Results  ot  studies  with 
large  inocula  indicated  that  for  many  strains  in  vitro  resistance  may  be 
related  to  the  presence  of  noncapsulated  mutants  in  the  inoculum. 

Serum  culture  could  not  be  used  as  a  means  of  distinguishing  between 
virulent  strains.  In  single  passage  experiments  growth  of  vihilent  strains 
was  not  affected  by  homologous  or  heterologous  hyperimmune  burro  sera  but 
was  completely  suppressed  by  pre-immur.e  sera  from  the  same  anlmsle.  Growth 
of  an  avirulent  strain  was  inhibited  by  either  pre-immune  or  hyperimmune 
burro  sera.  In  no  instance  was  germination  affected  adversely,  but  germi¬ 
nated  cells  were  killed  within  4  hr.  Whole  complement  was  not  involved  in 
the  lethal  effect. 

Investigation  of  differences  in  requirements  for  growth  still  appears 
to  be  the  most  productive  approach  to  the  problem  of  differentiating  be¬ 
tween  strains  iji  vitro .  Recent  difficulties  arising  from  the  presence  of 
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impurities  in  a  preparation  of  crystalline  L-glutamic  acid  have  delayed 
the  progress  of  these  studies. 
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The  biological  and  serological  activity  of  crude  anthrax  toxin  has  been 
concentrated  500-1000  fold  by  a  relatively  simple  ultrafiltration  procedure. 
Yields  of  rat  lethal  activity  seem  to  vary  with  different  methods  of  harvest. 
The  backwash  method  of  harvest  has  usually  yielded  50-100"  of  the  total  rat 
lethal  activity  present  in  the  crude  toxin  used  for  ultrafiltration.  Re¬ 
covery  of  guinea  pig  skin  edema  activity  has  been  more  variable  and  rarely 
has  reached  50X  of  the  starting  material.  Recovery  of  antigenic  activity 
as  detected  by  agar  gel  diffusion  has  often  exceeded  a  calculated  1007.. 
Possible  reasons  for  these  observations  are  being  Investigated, 

Storage  studies  indicate  that  original  activity  of  the  concentrated 
toxin  i.  maintained  for  as  long  as  2  months  in  material  that  it  shell  frozen 
and  stored  at  -20  C. 

Preliminary  work  on  the  characterization  of  toxin  using  electrophoresis, 
immunoelectrophoresis ,  chemical  fractionation  and  chromatography  methods 
has  been  initiated.  The  production  of  a  large  pool  of  concentrated  material 
for  definitive  chemical,  biophysical  and  biological  studies  has  begun. 
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Project  No.  1C622401A096 :  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1C622401A096-03 :  Laboratory  Identification  of  Biological  Warfare 

Agents 

Study  No.  -20-02:  In  vltro-produced  Anthrax  Toxin 

Description: 

To  study  the  exotoxin  produced  i£  vitro  by  Bacillus  anthracls ,  to  define 
the  conditions  required  for  its  elaboration,  to  develop  methods  for  concen¬ 
tration  and  purification  without  prior  separation  into  its  component  parts, 
to  study  its  chemistry  and  ultimately,  to  study  its  mode  of  action  and  role 
in  the  pathogenesis  of  the  disease. 

Progress : 

Preliminary  work  described  in  the  FY  1963  Annual  Progress  Report  suggested 
that  it  might  be  feasible  to  concentrate  and  purify  crude  anthrax  toxin  by 
ultrafiltration  or  column  chromatography  or  a  combination  of  these  methods 
without  prior  separation  into  its  component  parts.  Work  during  thj.s  report 
period  has  therefore  been  concentrated  on  the  development  of  procedures  for 
obtaining  concentrated  whole  toxin  in  as  pure  a  form  as  possible. 

Initial  attempts  es^loyed  lyophllixation  of  crude  culture  filtrates 
sterilized  by  Milllpora  filtration  and  subsequent  passage  of  reconstituted 
mater4 2l  through  Sephadex  G-100  columns.  For  successful  lyophilization 
filtrates  had  to  be  dialyzed  or  otherwise  desalted  before  freeze -drying. 
Although  the  results  of  this  work  were  somewhat  encouraging  in  that  a  single 
protein  peak  containing  toxic  activity  could  be  obtained  by  passage  of  the 
dried  material  through  Sephadex  columns,  there  was  considerable  loss  of 
total  toxic  activity  during  the  processing;  the  Sephadex-treated  material 
appeared  to  be  less  stable  than  the  untreated  material.  In  addition,  the 
required  dialysis  of  column  desalting  before  lyophilization  proved  to  be 
cum^’.rsome .  This  method  was  finally  discarded  in  favor  or  a  simpler  ultra¬ 
filtration  procedure. 

The  ultrafiltration  apparatus  is  shown  in  diagrammatic  form  in  Figure  1. 
Using  this  method,  volumes  of  40-50  L  of  crude  toxin  could  be  concentrated 
500-1000-fold  conveniently  in  a  matter  of  several  days  with  limited  personnel 
effort.  Several  methods  for  harvesting  the  ultrafiltrate  residue  containing 
the  concentrated  toxin  (hereafter  referred  to  as  UFR)  have  been  investigated: 
(1)  stripping  the  UFR  from  the  dialysis  sacs  after  the  filtration  had  pro¬ 
ceeded  to  the  point  where  only  a  very  small  volume  of  material  remained  in 
the  sacs;  (2)  rinsing  the  sacs  with  Tris  buffer  after  processing  to  near 
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FIGURE  l  ULTRA  FILTRATION  APPARATUS 


drynesa,  and  (3)  backwashing  by  placing  Che  sacs  after  filtration  into  a 
large  container  of  buffer  and  allowing  back  diffusion  of  buffer  before 
stripping  out  the  fluid  from  the  sacs.  In  some  experiments  2  methods  were 
compared  on  aliquots  of  crude  toxin  and  in  other  combinations  of  methods 
were  used. 

Sephadex  treatment  of  the  UFRS  resulted  in  some  loss  of  activity  and 
apparently  removed  little  extraneous  nitrogenous  material  from  these  prepa¬ 
rations.  In  addition,  the  activity  of  Sephadex-treated  UFR  toxin  was  again 
apparently  less  stable  as  had  been  noted  previously  with  lyophilized  batches 
of  toxin.  Consequently  Sephadex  treatment  of  UFR  toxin  has  new  been  abandoned. 

All  preparations  were  assayed  for  lethal  activity  in  rats  and  for  edema- 
forming  activity  in  the  skin  of  the  guinea  pig.  The  in  vitro  antigenic 
activity  was  determined  by  the  agar  diffusion  method.  Whenever  it  was 
possible  to  do  so,  biological  assays  were  performed  on  the  day  of  harvest. 
Estimated  percentage  of  recoveries  of  biological  activity  and  titers  of 
antigenic  material  in  gel  diffusion  plates  were  calculated  in  terras  of  total 
activity  of  crude  material  on  a  volume-dilution  basis.  Tris  buffer  (0.005M 
pH  8.5)  has  been  used  throughout  for  harvesting  and  diluting  concentrated 
toxin. 

The  calculated  yields  of  activity  obtained  in  10  concentrated  prepa¬ 
rations  of  toxin  from  8  lots  of  crude  material  are  summarized  in  Table  I. 

Also  noted  are  the  yields  of  activity  obtained  by  backwashing  dialysis  sacs 
in  Tris  buffer  after  the  harvest  of  UFR  in  4  instances.  Each  step  in  the 
production  of  the  crude  toxin  and  in  the  harvest  and  assay  of  UFR  was  con¬ 
trolled  as  carefully  as  possible. 

Recovery  of  Rat  Lethal  Activity.'  In  general,  the  recovery  of  rat  lethal 
activity  was  much  better  than  guinea  pig  skin  edema  activity  and  was  less 
variable  from  lot  to  lot  harvested  by  the  same  method.  The  recovery  of  total 
activity  in  4  of  5  preparations  harvested  by  the  backwash  method  ranged  between 
50  and  1007..  The  errors  inherent  in  the  volume-dilution  and  assay  procedures 
meke  2-fold  differences  of  questionable  significance.  The  one  backwash  prepa¬ 
ration  (30B)  which  yielded  less  than  507.  of  total  lethal  activity  was  held  at 
4  C  for  6  days  before  assay.  Although  the  lethal  activity  of  crude  toxin  is 
generally  quite  stable  for  several  weeks  at  4  C,  we  now  have  information  to 
indicate  that  the  concentrated  preparations  are  not  as  stable  at  this  tempera¬ 
ture  as  the  original  material.  This  point  is  under  further  investigation. 

Only  1  of  the  5  UFRs  harvested  by  the  stripping  or  rinse  method  gave 
recoveries  of  as  much  as  507.  of  the  total  activity  in  the  starting  material. 
Several  factors  may  have  affected  these  results:  (1)  the  high  recoveries  of 
activity  in  the  backwashes  after  harvest  by  these  methods  suggest  the  more 
obvious  reason,  i.e.,  the  difficulty  in  removing  all  of  very  small  volumes 
of  fluid  from  15-30  feet  of  dialysis  tubing  by  this  method,  and  (2)  all  of 
these  preparations  were  more  concentrated  than  those  harvested  by  the  back¬ 
wash  method  even  after  addition  to  buffer  to  rinse  the  tubing.  If,  as  appears 
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to  be  the  case,  concentrated  toxin  is  less  stable  than  the  more  dilute 
crude  material,  this  could  have  accounted  partially  for  lower  yields. 

Recovery  of  Guinea  Pis  Skin  Edema  Activity.  Yields  of  edema-producing 
activity  in  the  UFR  preparations  rarely  reached  40-507.  and  were  more  vari¬ 
able  from  lot  to  lot  than  yields  of  lethal  activity  regardless  of  method 
of  harvest.  The  effect  of  method  of  harvest  is  not  ao  apparent  a  possible 
explanation  in  this  case  as  in  the  instance  of  rat  lethal  activity.  It 
has  been  observed  by  other  workers,  as  well  as  in  this  laboratory,  that 
edema-producing  activity  i3  not  as  stable  at  4  C  (even  in  crude  material) 
as  is  the  rat  lethal  activity.  The  time  required  for  dialysis  may  account 
in  part  for  some  of  this  loss.  However,  the  results  of  assays  on  crude 
material  held  in  the  cold  room  for  the  same  period  of  time  as  that  required 
for  the  ultrafiltration  indicate  that  the  loss  of  activity  on  standing  does 
not  account  for  the  relatively  poor  recoveries  in  UFR  preparations  or  for 
the  lot  variations.  In  the  search  for  possible  explanations  for  hese 
observations,  the  possibility  that  some  of  the  material  responsible  for 
edema  production  passed  through  the  dialysis  sac  into  the  filtrate  was 
considered.  The  filtrates  were  tested  for  edema-producing  activity  and 
none  was  detected.  Samples  of  1-5  L  of  several  batches  of  filtrate  were 

♦  passed  through  glass  filters  which  were  then  eluted  with  bicarbonate 

*  buffer  according  to  the  method  of  Thorne,  e_t  £l  (J  Bact  79:450,  1960). 

By  this  method  "filter  factor"  preparations  were  obtained  which  are  des¬ 
cribed  briefly  below.  This  portion  of  the  study  is  still  in  a  preliminary 
stage,  and  it  has  not  yet  been  determined  whether  the  activity  which  can 

•  be  recovered  from  the  filtrates  accounts  for  a  significant  proportion  of 

the  loss  during  the  processing.  More  work  on  this  point  is  underway.  The 
observation  that  any  detectable  amount  of  active  material  can  be  recovered 
from  the  ultrafiltrates,  however,  is  of  considerable  interest  since  it 
suggests  that  the  factors  responsible  for  biological  activity  must  be  of 
variable  molecular  weight  and/or  configuration. 

Results  of  titrations  of  backwashes  collected  from  the  dialysis  tubing 
after  the  UFR  had  been  harvested  by  the  stripping  procedure  in  some  initial 
experiments  suggested  that  the  edema  factor  might  be  selectively  adsorbed 
on  the  tubing  during  the  processing,  since  more  edema  activity  was  observed 
,  in  the  backwash  than  in  the  UFR.  However,  this  did  not  prove  to  be  a 

consistent  finding  as  can  be  seen  in  Table  I. 

*  4 

The  work  of  Stanley  and  Smith  (J  Gen  Microbiol  26:49,  1961;  Ibid  31: 

329,  1963)  with  combinations  of  purified  Factors  t,  II  and  III.  suggests 
still  another  possible  explanation  for  the  relatively  poor  recoveries  of 
edema  activity  in  the  UFR.  These  workers  demonstrated:  (1)  that  the 

*  presence  of  Factor  III  (lethal  factor)  inhibited  edema  production  by  combi¬ 
nations  of  Factors  I  and  II,  and  (2)  in  later  work,  that  the  immunogen' city 
of  combinations  of  Factors  I  and  XI  was  markedly  inhibited  by  the  presence 
of  Factor  III  under  certain  conditions.  It  therefore  seems  possible  that 
this  inhibition  phenomenon  may  be  involved  in  our  concentrated  preparations. 
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In  addition,  ultracentrifuge  studies  included  elsewhere  in  this  report* 
suggest  the  presence  of  aggregates  of  material  in  the  (JFR,  and  that  the 
proportion  of  aggregate  to  other  components  varies  in  different  preparations. 

It  is  not  possible  at  the  present  time  with  the  data  available  to  correlate 
this  information  with  biological  activity  of  specific  batches.  Purther  work 
to  clarify  this  point  is  underway.  It  is  also  hoped  that  immunoelectro- 
phores.'.  b  and  chromatography  studies  initiated  recently  will  eventually  provide 
further  clarification. 

Recovery  of  Antigenic  Activity  aa  Measured  by  Gel  Diffusion.  The  recovery 
of  plate  units  of  activity  as  measured  by  titers  of  various  preparations  In 
gel  diffusion  tests  has,  in  general,  been  more  consistent  and  complete  than 
recovery  of  biological  activity.  With  one  exception  (Batch  No.  30B)  recovery 
has  been  complete,  and,  mo/e  often  than  not,  the  total  calculated  recovery  in 
UFR  plus  backwash  hss  exceeded  a  calculated  100%.  It  does  not  aeem  reasonable 
that  technical  error  would  always  result  In  higher  recoveries  than  expected. 

No  satisfactory  explanation  for  this  observation  la  at  present  apparent.  Moat 
of  the  quantitative  work  done  on  factors  affecting  the  appearance  and  titer  of 
precipitin  lines  in  the  technique  used  has  been  done  with  relatively  pure 
systems  and  with  specific  homologous  antiserums.  The  materials  used  obviously 
contain  a  number  of  antigen*  and  the  only  standard  antiserum  available  was 
prepared  by  immunization  with  a  living  spore  vaccine.  It  has  been  observed 
very  frequently  that  only  cna  line  of  precipitation  can  be  detected  in  teats 
with  crude  toxin,  and  th^t  the  maximum  number  detected  was  2.  Work  with 
purified  component  a  of  toxin  has  demonstrated  that  the  3  known  components 
which  differ  in  their  biological  activity  are  serologically  distinct.  If  th.it 
be  the  case  then,  at  least  one  serological  component  has  never  been  recognized 
in  our  crude  toxin  preparations,  although  the  biological  activity  associated 
with  the  component  was  present.  Although  a  great  deal  of  work  has  been  done 
during  the  course  of  this  study  In  attempts  to  associate  biological  activity 
with  -pacific  serological  component*  in  our  preparations  no  such  association 
has  been  demonstrated.  It  is  quite  possible  that  aggregation,  dissociation 
of  aggregates,  concentration  effects,  differing  salt  content  of  crude  and 
concentrated  preparations  or  a  variety  of  other  factors  may  affect  the  results 
of  titrations  and  attempts  to  determine  identity  of  lines  of  precipitate  in 
our  materials.  A  great  deal  more  study  will  be  needed  to  answer  the  questions 
which  have  arisen.  As  time  and  available  materials  permit,  attempts  to  iso¬ 
late  and  identify  the  3  components  of  toxin  as  prepared  separately  by  other 
wor1 ;rs  will  be  made,  using  the  U7R  preparations  as  starting  material. 

Recovery  of  Dialyzable,  Antlgenlcally  Specific  Material  from  t'ltrafiltrates. 
As  mentioned  above,  in  the  search  for  the  source  of  loss  of  edema  activity 
during  ultrafiltration,  the  filtrates  of  several  batches  were  examined  for 
biological  and  serological  activity.  In  one  or  two  Instances  leaks  in 
connections  of  the  dialysis  tubing  were  recognized  after  an  unusually  rapid 
flow  was  observed.  These  filtrates  were  lethal  for  rats,  and  In  one  case 
some  serological  activity  was  observed.  However,  on  other  occasions  where 
no  leak  could  be  detected  and  no  biological  or  serological  activity  could  be 
demonstrated  In  the  filtrate :  loss  of  edema  activity  was  still  obtained. 

*  Study  01-20-05. 
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Sample3  of  filtrate  from  2  such  batches  were  filtered  through  glass 
filters  and  the  filters  then  eluted  with  bicarbonate  buffer  as  in  prepa¬ 
ration  of  filter  factor  by  Thorne,  e_t  al_  (0£.  Clt . ) .  In  both  instances 
specific  antigenic  activity  was  recovered  in  the  filter  eluate.  Results 
of  preliminary  studies  on  thii  material  may  be  summarised  as  follows: 

a.  Three  lines  of  precipitate  were  observed  in  gel  diffusion  plates 
using  the  standard  antiserum. 

b.  None  of  these  components  identified  with  the  line  formed  by 
known,  partially  purified  protective  antigen. 

c.  At  least  2  of  the  3  identified  with  line3  formed  by  known  filter 
factor  prepared  from  crude  toxin  by  the  method  of  Thorne. 

d.  In  certain  combinations  with  known  protective  antigen  (determined 
by  box  titration)  rat  lethal  and  skin  edema  activity  were  demonstrated. 

Storage  Stability  of  Concentrated  Toxin.  These  storage  studies  are 
of  necessity  a  part  of  a  long  term  study,  and  most  of  the  information 
available  has  teen  obtained  with  Sephadex-treated  material.  It  has  been 
demonstrated  that  the  untreated  UFR  is  generally  more  stable  than  the 
Sephadex-treated  material  in  a  few  parallel  observations.  It  is  there¬ 
fore  reasonable  to  assume,  for  the  present  at  least,  that  untreated  UFR 
will  be  as  stable  under  the  same  storage  conditions  as  the  Sephadex- 
treated  material  has  proved  to  be. 

Results  of  assays  made  on  the  Sephadex  G-100  treated  UFR  preparations 
after  periods  of  scorage  for  at  least  2  months  indicate  that: 

a.  Th“  material  is  not  stable  at  4  C. 

b.  The  toxin  shows  no  significant  los3  of  activity  after  2  months 
storage  under  the  following  conditions. 

(1)  Quick  shell  freeze:  storage  at  -20  C. 

(2)  Shell  freeze  and  ly^ hilization,  with  storage  at  room  temper¬ 
ature,  -20  or  -70  C.  The'-e  uea  a  :light  suggestion  that  storage  at  -20  C 
after  lyophilization  was  slightly  better  than  at  room  temperature,  4  or 

-70  C  although  the  differences  are  of  questionable  significance. 

It  npw  appears  that  if  will  be  feasible  to  make  a  large  pool  of  toxin 
for  definitive  chemical  biophysical  and  biological  studies  by  accumulation 
of  material  from  a  number  of  batches  prepared  and  stored  quick  frozen  at 
-20  C.  This  project  is  underway. 

Characterization  of  Toxin  and  Its  Components.  Preliminary  studies, 
using  electrophoresis,  Immunoelectrophoresis,  chemical  fractionation  and 
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chromatography  techniques  havc  been  initiated  recently.  It  ia  hoped  that 
thia  work  wil.  provide  answer;  to  many  questions  regarding  the  chemical 
nature  of  toxin  and;  the  apna’-e.aiy  complex  interrelationships  of  its 
components  as  prepared  and  ueoiribed  by  others. 

t 


Summary  and  Conclusiors; 


An  ultrafiltration  method  for  preparation  of  concentrated  anthrax  toxin 
without  prior  separation  into  its  3  known  components  has  been  developed. 


The  results  of  studies  on  10  lots  of  this  concentrated  toxin  (UFR) 
indicate  that  the  method  of  harvest  is  important  for  recovery  of  rat  lethal 
activity.  Yields  of  50  to  100£  of  lethal  activity  calculated  in  terms  of 
the  total  activity  of  the  crude  material  used  for  concentration  have  been 
obtained  in  4  or  5  UFd  preparations  harvested  by  the  backwash  method.  Recovery 
of  guinea  pig  edema  activity  has  rarely  exceeded  507.  and  proved  to  be  more 
variable  from  lot  to  lot  regardless  of  method  of  harvest.  Recovery  of  anti¬ 
genic  activity  has  been  more  complete  snd  frequently  exceeded  a  calculated 
100Z.  Further  work  to  determine  the  reasons  for  the  loss  of  guinea  pig  edema 
activity  and  the  excessively  high  antigenic  activity  is  in  progress. 


Dialyzable,  specially  active  material  which  can  be  eluted  with  bicarbonate 
buffer  from  glass  filters  has  been  demonstrated  in  the  ultrafiltrates  from 
concentrated  preparations.  In  appropriate  combinations  with  known  protective 
antigen  toxic  activity  of  this  material  could  be  demonstrated.  So  far  as  we 
are  aware  this  ia  the  first  time  that  the  presence  of  dialyzable,  active 
fractions  has  been  demonstrated. 


Storage  studies  indicate  that  concentrated  toxin  retains  Its  activity 
after  2  months  of  storage  at  -20  C  if  it  is  shell  frozen  prior  to  storage. 

Work  on  the  production  of  a  large  pool  of  concentrated  toxin  for  definitive 
chemical,  iophyslcal,  immunological  and  biological  studies  has  been  Initiated, 
Preliminary  work  on  the  characterization  ;£  the  concentrated  toxin  has  begun. 

Publications : 


None . 


275 


ANNUAL  PROGRESS  REPORT 


Project  No.  1C622401A096 : 
Task  No.  1C622401A096-03 : 

Study  No.  -30-01: 

Reporting  Installation: 

Division : 

Period  Covered  by  Report: 
Professional  Author: 
Reports  Control  Symbol: 
Security  Classification: 


Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Laboratory  Identification  of  Biological  Warfare 
Agents 

Tissue  Culture  Studies  with  Rickettsiae. 

U.  S.  Army  Medical  Unit 
Port  Detrick,  Maryland 

Medical 

1  July  1963  to  30  June  1964 
Erich  D.  Ryll,  Major,  MC 
RCS -MEDDH-288 
UNCLASSIFIED 


-J  .V 


jw.'vis&L.-'.'o  j 


4 


276 


ABSTRACT 


Project  No.  1C622401A096 • 
Task  No.  1C622401A096-03 : 

Study  No.  -30-01 : 

Reporting  Installation: 

Division: 

Period  Covered  by  Report: 
Professional  Author: 
Reports  Control  Symbol: 
Security  Classification: 


Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Laboratory  Identification  of  Biological  Warfare 
Agents 

Tissue  Culture  Studies  with  Rickettsiae. 

U.  S.  Army  Medical  Unit 
Fort  Detrick,  Maryland 

Medical 

1  July  1963  to  30  June  1964 
Erich  D.  Ryll,  Major,  MC 
RCS -MEDDH-288 
UNCLASSIFIED 


Coxtella  burnetii  has  been  selected  as  a  model  for  tissue  culture 
studies  of  rickettsiae.  Yolk  sac  stocks  of  Phases  I  and  II  of  the  Henzer- 
ling  strain  have  been  prepared  and  are  now  being  tested.  Examination  of 
infected  monolayers  in  bottles  have  shown  cellular  changes  not  seen  in  the 
controls.  Cover  slip  methods  are  now  being  utilized  oecause  of  their 
greater  versatility. 
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BODY  OF  REPORT 


Project  No.  1C622401A096 :  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1C622401A096-03 :  Laboratory  Identification  of  Biological  Warfare 

Agents 

Study  No.  -30-01:  Tissue  Culture  Studies  with  Rickettsiae. 

Description: 

Tissue  culture  methods  will  be  used  to  attempt  early  clinical  identifi¬ 
cation,  to  perform  a  neutralization  test,  and  to  investigate  interference 
and  phase  variation  of  Coxlel la  burnetii . 

Progress : 

Twenty  per  cent  yolk  sac  suspensions  of  Phases  I  and  II  of  the  Henzerling 
strain  of  Coxlella  burnetii  were  obtained  from  Dr.  Joseph  Lowenthal,  Biologies 
Division,  Walter  Reed  Army  Institute  of  Research.  The  pedigrees  were: 

Henzerling  Phase  I:  GP6/YS21/GP1/YS4 

Henzerling  Phase  II:  GP6/YS22 

Stocks  of  both  phases  were  prepared  by  yolk  sac  inoculation  of  7-day 
embryouated  eggs.  Viable  embryos  were  harvested  7-8  days  postinoculation 
utilizing  Snyder  I  solution  as  a  diluent;  yolk  sacs  were  ground  in  a  Waring 
blendor  and  placed  in  vaccine  stoppered  ampules. 

These  stocks  were  titered  in  7-day  embryonated  eggs  via  the  yolk  sac 
route  with  the  following  results  according  to  the  Reed-Muench  formulation: 

Henzerling  Phase  I:  (GP6/YS21/GP1/YS4/YS1 )  =  iC6-5!^ 

Henzerling  Phase  II:  (GP6/YS22/YS1)  c  103-8LDso 

L  cells  (mouse  fibroblast)  were  utilized  in  the  initial  tissue  culture 
experiments.  Cells  were  grown  in  8-oz  prescription  bottles  with  Eagles 
solution  and  201.  horse  serum  and  maintained  in  medium  199.  Falcon  plastic 
bottles  and  4-oz  prescription  bottles  were  inoculated  with  a  10”3  dilution 
of  the  stock  Phase  II.  These  containers  were  found  unsuitable  for  high 
power  microscopy.  Examination  of  the  infected  cell  sheets  in  Falcon  bottles 
at  a  magnification  of  450X,  however,  revealed  certain  changes  when  compared 
with  controls.  The  infected  monolayers  became  heavily  granular,  darker  in 
appearance,  and  showed  some  vacuole  formation.  Some  cells  burst  and  eventual 
detachment  of  the  monolayers  was  noted.  Control  bottles  exhibited  only  a 
slight  granularity  with  no  significant  detachment.  In  order  to  use  higher 
magnification,  cover  slip  techniques  are  being  evaluated. 
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The  rickettsial  stocks  are  being  titered  in  guinea  pigs  for  ID5Q  and 
LDijq  determinations. 

Summary  and  Conclusion: 

C.  burnetii  has  been  selected  as  a  model  for  tissue  culture  studies 
of  rickettsi.se.  Yolk  sac  stocks  of  Phases  I  and  II  of  the  Henzerllng 
strain  have  been  prepared  and  are  now  being  tested.  Examination  of  in¬ 
fected  monolayers  in  bottles  have  shown  cellular  changes  not  seen  in  the 
controls.  Cover  slip  methods  are  now  being  utilized  because  of  their 
greater  versatility. 

Publ icat i ons : 


None . 
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Noninfectlous  serologic  test  antigens  were  prepared  with  Langat  (TP-21) 
and  Mayaro  viruses.  Certain  factors  regarding  antigen  preparation  an'  * ts 
use  in  the  hemagglutination-inhibition  test  are  described. 
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BODY  OF  REPORT 


Project  No.  1C622401A096:  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1C622401A096-03:  Laboratory  Identification  of  Biological  Warfare 

Agents 

Study  No.  -40-01:  Development  of  Inactivated  Serologic  Reagent3 


Description: 


To  provide  noninfectious  antigens  for  use  ia  the  hemagglutination- 
inhibition  and  complement-fixation  tests  in  the  serological  diagnosis  of 
arbovirus  infections. 


Progress: 


The  use  of  beta-propiolactone  (BFL)  for  preparation  of  inactivated 
serologic  test  antigens  has  continued.  Preliminary  studies  with  Mayaro, 
Langat  (TP-21),  and  yellow  fever  viruses  described  last  year  have  been 
extended. 


Initial  attempts  to  prepare  antigens  with  these  agents  were  unsuccessful. 
Subsequent  titration  of  the  mouse  brain  suspensions  showed  the  infectious 
virus  titers  to  be  low.  Accordingly,  serial  passage  with  concurrent  ti¬ 
trations  of  each  virus  was  carried  out.  Suckling  mice,  4-5  days  of  age 
Inoculated  by  the  intracerebral  (IC)  route  were  employed. 


With  TP-21  virus  there  was  a  gradual  increase  in  titer  obtained  with 
each  passage.  This  increase  approximated  1  log  per  passage  so  that  after 
5  successive  passages  in  4-5  day  old  suckling  mice  a  titer  of  lO-9'-’ 
suckling  mouse  median  intracerebral  lethal  doses  (SMICLD50)  of  virus  per 
0.02  ml  was  attained. 


Serial  passage  of  Mayaro  virus  did  not  result  in  an  Increase  in  titer 
of  the  same  degree  as  with  TP-21.  Virus  titers  varied  with  the  same  passage 
lev'l  as  well  as  with  successive  passages.  It  was  found  tfat  by  employing 
relatively  large  quantities  of  virus  for  inoculum,  titers  cf  approximately 
10*8.5  couid  be  obtained.  This  level  was  found  to  be  adequate  for  ancigen 
production . 

In  contrast  to  the  other  viruses,  only  limited  serial  passages  with 
yellow  fever  virus  were  required  to  achieve  high  titers. 

Two  methods  of  extraction  were  employed  in  preparation  of  the  antigens 
for  Mayaro  ar.d  TP-21. 
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Extraction  with  acetone  and  ether  was  unsatisfactory.  Antigens  prepared 
in  this  manner  had  low  hemagglutinin  titers  end  were  unstable  when  used  in 
the  hemagglutination-inhibition  (RAI)  test.  In  contrast,  extraction  with 
sucrose-acetone  yielded  antigens  which  were  both  stable  and  reactive  in  adequate 
titer . 

Coincident  with  the  extraction  experiments,  optimal  pH  values  for  the  final 
antigens  were  established.  The  values  for  Mayaro  and  TP-21  were  pH  7. 1-7 .4 
and  7. 8-7. 9  respectively. 

Previous  studies  with  other  arbovirus  antigens  had  indicated  that  both  pH 
and  temperature  of  incubation  influenced  hemagglutination.  The  earlier  results 
had  been  obtained  with  both  live  and  BPL-treated  antigens.  Insofar  as  Mayaro 
virus  was  concerned,  the  values  described  (Annual  Report,  USAMU,  FY  1963)  for 
other  Group  A  arboviruses  were  applicable. 

Similar  studies  were  performed  with  TP-21  anti~:n  prepared  by  the  2  ex¬ 
traction  procedures.  The  results  showing  the  influence  of  test  pH  and  incu¬ 
bation  temperature  are  shown  in  Table  I. 


TABLE  I.  HEMAGGLUTININ  TITERS  OF  2  DIFFERENT  TP-21  ANTIGENS  UNDER  DIFFERENT 
CONDITIONS  OF  pH  AND  TEMPERATURE  OF  INCUBATION 


pH  OF 
TEST 

TYPE  OF  ANTIGEN 

Acetone' 

-Etner 

Sucrose- 

Acetone 

7. 

pH  of  Antigen 

1  7.8 

7.: 

pH  of  Antigen 

3  7.9 

Temperature  of 
Rocor^  37  C— ^ 

Incubation 

Room  37  C 

Temperature  of  Incubation 

Room  37  C  Room  37  C 

5.75 

160£/ 

(320)—/ 

320 

(640) 

(160) 

(640) 

640 

(1280) 

6.35 

320 

<20 

1280 

<20 

320 

<20 

2560 

(80) 

6.75 

(640) 

(20) 

(1280) 

(40) 

(640) 

40 

(1280) 

320 

a.  Incubation  time  of  2  hr  at  room  temperature. 

b.  "  ”  1  hr  at  37  C. 

c.  Reciprocal  of  titer. 

d.  (  )  =  Incomplete  agglutination  and/or  slippage. 

Maximum  hemagglutinin  was  demonstrated  with  the  two  antigens  of  pH  7. 8-7. 9 
when  tested  at  pH  6.35  and  incubated  for  2  hr  at  room  temperature. 

These  studies  are  to  be  extended  to  include  a  broader  range  of  test  con¬ 
ditions  including  pH,  temperature  and  length  of  incubation,  and  stability  of 
antigen  under  conditions  of  storage. 
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Summary  and  Conclusions: 

Methods  which  have  been  developed  for  the  preparation  of  noninfecriov.s 
serologic  test  antigens  for  the  viruses  of  Eastern,  Wetcern  and  Venezuelan 
equine  encephalitis  have  been  applied  to  the  preparation  of  non' nfectieus 
serologic  test  antigens  for  the  TP-21  and  Mayaro  viruses.  The  eliminat'. 
of  hazard  to  infection  associated  with  the  use  of  noninactivated  reay-nts 
has  been  extended  to  two  more  viruses . 

Publication: 

1.  French,  George  R.,  and  McKinney,  Robert  W.:  "Us-  of  Beta- 
propiolactone  in  Preparation  of  Inactivated  Arbovirus  Serologic  Test 
Antigens,"  J  Immunol.  In  press. 
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Results  ’re  presented  which  indicate  that  the  "normal"  monkeys  available 
for  experimental  studies  have  prior  antigenic  experience  with  a  Group  A  arbo¬ 
virus.  This  prior  experience  precludes  the  use  of  such  animals  in  Btudies  of 
antigenic  analysis,  cross  protection,  etc. 
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Section  I.  Production  of  serologic  teat 
antigens . 

Description:  I 

I 

To  determine  heterologous  reactivity  of  antibody  to  selected  members  of  i 

the  Group  A  arbovirus  complex.  j 

Progress:  j 

Investigations  in  this  laboratory  have  been  concerned  with  a  limited  , 

number  of  the  Group  A  arbr  cruses.  However,  only  recently  has  there  been 
an  opportunity  to  expand  into  an  examination  oi  relationships  between  these  ’ 

agents.  I 

Mayaro  virus  was  employed  in  the  initial  experiments  programmed.  Be-  J 

cause  only  limited  information  relative  to  its  host  range  was  available, 
the  production  of  immune  serum  was  combined  with  an  examination  of  the 
suscenri billty  and  response  of  the  monkey  to  infection  with  the  virus.  It 
was  anticipated  that  these  animals  would  be  employed  in  challenge  studies  j 

with  other  Group  A  viruses.  i 

*  I 

Mayaro  virus  as  infected  suckling  mouse  brain  was  serially  diluted  over 
the  range  of  10"!  through  10"^.  One  monkey  per  dilution  was  inoculated 
subcutaneously  with  1.0  ml.  Serum  was  obtained  from  all  animals  prior  to  [ 

inoculation  and  on  days  1  through  11,  14,  23  and  28  following  inoculation.  j 

In  initial  seroiogic  tests  of  day  1-9  sera  with  Mayaro  antigen,  re¬ 
sults  were  obtained  which  indicated  the  existence  of  antibody  prior  to 
inoculation  of  virus.  On  the  strength  of  these  results,  all  pre-inoculation 
sera  were  tested  with  Mayaro,  Western  equine  encephalitis  (WEE),  Eastern 
equine  encephalitis  (EEE),  and  Venezuelan  equine  encephalomyelitis  (VEE) 
ancigens.  In  these  tests,  the  sera  reacted  only  with  WEE  antigen. 

In  subsequent  tests,  all  sera  were  tested  with  the  4  antigens.  Serum 
hemagglutination-inhibiting  (HAI)  test  results  are  presented  in  Table  I. 
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TABLE  I.  HEMAGGLUTINATION -INHIBITING  (HAI)  ANTIBODY  TITERS  TO  SELECTED  GROUP  A 
ARBOVIRUSES  FOLLOWING  INOCULATION  WITH  LIVE  MAYARO  VIRUS 


MONKEY 

NO. 

DILUTION 

OF  MAYARO 

DAY  OF 
BLEEDING 

RECIPROCAL  HAI  TITERS 

VEE— ^ 

EEE-/ 

WEE— ^ 

Mayaro 

C-57 

10*1 

Pre 

<10 

<10 

160 

<10 

7 

<10 

40 

160 

20 

10 

20 

40 

160 

160 

14 

320 

320 

1280 

2560 

23 

160 

160 

640 

2560 

28 

80 

80 

320 

1280 

DD-8 

CM 

1 

O 

H 

Pre 

<10 

<10 

160 

<10 

7 

<10 

<10 

160 

<10 

10 

<10 

10 

80 

40 

14 

160 

160 

640 

1280 

23 

160 

80 

640 

5120 

28 

20 

40 

320 

640 

56 

CO 

1 

o 

r— < 

Pre 

<10 

<10 

80 

<10 

7 

<10 

20 

80 

<10 

10 

<10 

20 

80 

40 

14 

320 

80 

320 

640 

23 

320 

160 

320 

1280 

28 

80 

40 

160 

640 

N-25 

10*4 

Pre 

<10 

<10 

160 

<10 

7 

<10 

20 

320 

<10 

10 

<10 

20 

160 

40 

14 

40 

80 

640 

640 

23 

40 

30 

320 

640 

28 

20 

80 

320 

640 

CC-6 

10*5 

Pre 

<10 

<10 

320 

<10 

7 

<10 

40 

320 

10 

10 

<10 

40 

320 

20 

14 

20 

80 

640 

640 

23 

80 

80 

640 

640 

28 

40 

40 

640 

640 

ffiKS'f' 
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TABLE  I .  CONTINUED 


MONKEY 

NC. 

DILUTION 

OF  MAYARO 

DAY  OF 
BLEEDING 

RECIPROCAL 

HAI  TITER3 

a/ 

'/EE- 

a/ 

EEE- 

a  / 

WEE- 

Mayaro 

C-30 

10  _6 

Pre 

<10 

<10 

320 

<10 

7 

<10 

40 

320 

<10 

10 

<10 

40 

320 

<10 

14 

10 

80 

320 

320 

23 

40 

160 

640 

640 

28 

40 

80 

320 

1280 

B-37 

10”7 

Pre 

<10 

<10 

160 

<10 

7 

<10 

20 

160 

10 

10 

*  <10 

20 

III1  320 

40 

14 

80 

320 

640 

1280 

23 

160 

320 

640 

2560 

28 

160 

320 

640 

5120 

C-59 

10-8 

Pre 

<10 

<10 

160 

<10 

7 

<10 

20 

320 

20 

10 

<10 

10 

320 

40 

14 

40 

80 

640 

640 

23 

160 

160 

320 

2560 

28 

80 

80 

320 

2560 

C-88 

10*9 

Pre 

<10 

<10 

»  640 

<10 

7 

<10 

20 

320 

<10 

10 

<10 

10 

320 

<10 

14 

<10 

<10 

640 

<10 

23 

<10 

<10 

320 

<10 

28 

1 

.  1 

160 

C-64 

10-10 

Pre 

<10 

i 

<10 

320 

<10 

7 

<1C 

20 

320 

<10 

10 

<10 

10 

160 

<10 

14 

<10 

<10 

320 

<10 

23 

<10 

<10 

160 

<10 

28 

80 

a.  VEE 

-  Venezuelan 

equine  encephalomyelitis ; 

EEE  -  Eastern  equine 

encepha- 

litis;  WEE  -  Western  equine  encephalitis. 
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As  may  be  seen,  all  animals  had  relatively  high  HAI  antibody  titer3  to  WEE 
antigen  prior  to  inoculation  of  Mayaro  virus.  Subsequent  to  inoculation, 
the  pattern  of  antibody  broadened  with  no  significant  change  occurring  in 
the  WEE  titers.  Thi3  broadening  of  antibody  to  other  Group  A  arboviruses 
is  similar  to  that  described  Casals  (Am  J  Trop  Med  Hyg  12:587,  1963). 

Although  heterologous  antibody  was  present  at  the  time  of  inoculation 
it  apparently  did  not  influence  the  susceptibility  of  the  monkey  to  in¬ 
fection  with  Mayaro  virus  .  The  results  indicate  that  the  monkey  inoculated 
with  the  10*®  dilution  was  infected,  \ '.  ich  compares  with  the  titer  of  10”  * 
obtained  in  4-5  day  old  suckling  mice  inoculated  intracerebrally  with  0.02  ml 
of  the  same  virus  suspension. 

Summary  and  Conclusions: 

From  these  results,  it  is  apparent  that  the  animals  had  experienced 
infection  with  an  agent  antigenically  related  to  those  employed  ir.  the 
serologic  tests.  Therefore,  the  use  of  such  animals  in  antigenic  analysis, 
cross-protection  studies,  etc.  is  precluded. 

Publications : 


None . 
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BODY  OF  REPORT 


Project  No.  1C622401A096:  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1C622401A096-03 :  Laboratory  Identification  of  Biological  Warfare 

Agents 

Study  No.  -40-02*  Development  of  Serologic  Tests  for  Early 

Identification  of  Vir  ’  Diseases 

Section  II.  Identification  of  viral  strains. 

Description: 

Identification  of  two  strains  of  virus  isolated  from  horses  in  Peru. 
Progress: 

In  September,  1963,  2  strains  of  equine  encephalitis  virus  were  obtained 
from  Dr.  Jorge  Olivares  Cabera,  Director,  del  Centro  Nacional  de  Investi  • 
gaciones  de  Patologia  Animal,  Lima,  Peru. 

These  strains  had  been  recovered  from  2  horses  dying  with  encephalitis . 
These  animals  were  located  in  the  Departments  of  lea  and  Plura. 

Both  virus  strains  received  as  Infected  guinea  pig  brain  in  glycerol 
were  labeled  as  follows: 

Encefalomielitis 
Equina 
Virus  Piur3 
16/9/63 


The  exact  passage  histories  for  the  2  strains  identified  as  lea  and  Piura 
are  not  available. 

Each  of  the  specimens  was  treated  in  the  same  manner.  The  tissue  was 
ground  with  alundum  in  a  sterile  chilled  mortar  and  suspended  tc  107.  in 
phosphate  buffered  saline,  pH  7.4,  containing  17.  inactivated  normal  rabbit 
serum  (RSPBS) .  The  suspension  was  clarified  by  centrifugation.  Aliquots 
of  the  supernate  were  stored  at  -70  C  for  use  as  seed  virus. 

Each  of  2  guinea  pigs  was  inoculated  intraperitoneally  with  0.5  ml  of  the 
lr'"  suspension.  Death  occurred  on  days  6  and  7  after  inoculation.  At  time 
of  death  the  brains  were  re*  ved,  ground  to  207.  in  RSPBS  and  stored  at  -70  C  . 


Encefalomielitis 

Equina 

Virus  Hofa  Redonda 
lea 

16/9/63 
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duckling  mice  4-5  days  of  age  were  inoculated  intracerebrolly  (IC)  with 
0.02  ml  of  the  107.  brain  suspension.  Fir3t  deaths  occurred  on  day  3  post- 
inoculation  at  which  time  the  remaining  ani.ials  were  sacrificed  and  the 
brains  pooled  for  antigen  preparation.  A  crude  antigen  was  prepared  by 
grinding  the  brains  in  physiologic  saline,  pH  7.?.  A  ratio  of  1  part  brain 
to  2  parts  saline  was  used.  Protamine  was  added  cad  the  suspension  clarified 
by  centrifugation. 

These  antigens  were  employed  in  hemagglutination-inhibition  (HAI)  tests 
with  immune  serum  for  Eastern  equine  encephalitis  (EEE),  Western  equine 
encephalitis  (WEE)  and  Venezuelan  equine  encephalomyelitis  (VEE)  viruses. 

The  results  showed  both  strains  to  be  VEE  virus. 

The  same  antigens  were  then  tested  in  a  block  titration  against  VEE 
immune  serum  and  compared  to  the  Trinidad  strain  of  VEE  virus.  The  resultB 
are  presented  in  Table  I . 

These  tests  do  not  reveal  any  antigenic  differences  between  the  lea, 

Piura  and  prototype  Trinidad  strains.  Reciprocal  titrations  were  not 
performed . 

Serum  neutralization  teats  were  performed  with  the  2  strains  using 
serum  obtained  from  animals  following  infection  with  either  EEE,  VEE  or 
attenuated  VEE  virus.  Both  the  lea  and  Piura  strains  which  titered  5.12 
and  4.36  logs  respectively  were  completely  neutralized  by  each  of  the 
VEE  sera.  There  was  no  evidence  of  neutralization  of  either  strain  by 
the  EEE  serum. 

The  neutralization  test  results  gave  evidence  that  the  attenuated 
strain  of  VEE  would  provide  protection  against  the  2  viruses.  This  was 
confirmed  with  protection  tests  performed  with  mice  immunized  with  at¬ 
tenuated  virus  and  challenged  with  either  of  the  Peruvian  strains. 

NOTE:  Although  equine  encephalitis  was  identified  in  Peru  in  1930,  the 
results  reported  represent  the  first  definitive  identification  of  viruses 
recovered  from  equines  in  Peru.  A  formalin  Inactivated  chick  embryo  vac¬ 
cine  prepared  with  the  2  strains  has  been  employed  since  about  1938  and 
except  for  an  outbreak  in  1952  in  cows  no  significant  amount  of  equine 
encephalitis  has  occurred.  (Revisto  del  Instituto  Naciona1  de  Blologica 
Animal,  vol  4,  Dec  1953,  Lima,  Peru.) 

Summary  and  Conclusions: 

Two  strains  of  virus  recovered  from  horses  dying  of  encephalitis  in 
Peru  have  been  identified  as  VEE.  Results  of  serologic  tests  and  pro¬ 
tection  studies  show  the  2  strains  to  be  antigenically  similar  to  the 
prototype  Trinidad  strain  VEE  virus. 

Publications: 

None .  ■' 
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TABLE  I.  COMPARISON  OF  3  STRAINS  OF  VENEZUELAN  EQUINE  ENCEPHALOMYELITIS  VIRUS 
BY  THE  HEMAGGLUTINATION-INHIBITION  TECHNIQUE 


UNITS  OF  ANTIGEN  VIRUS  STRAIN 

32  16  84  2 


PIURA 


ICA 


TRINIDAD 


0  -  Denotes  inhibition  of  hemagglutination 


295 


ANNUAL  PROGRESS  REPORT 


Project  No.  1C622401A096 : 
Task  No.  1C622401A096-03: 

Study  No.  -40-03: 

Reporting  Installation: 

Division: 

Period  Covered  by  Report: 
Professional  Author: 
Reports  Control  Symbol: 
Security  Classification: 


Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Laboratory  Identification  of  Biological  Warfare 
Agents 

Determination  of  Distribution  of  Viral  Agents 
in  Host  Tissues  Employing  Radioactive  Labeling 
Techniques 

U.S.  Army  Medical  Unit 
Fort  Detrick,  Maryland 

Physical  Sciences  Division 

1  July  1963  to  30  June  1964 

Irving  Gray,  Colonel,  MSC 

RCS -MEDDH-288 

UNCLASSIFIED 


296 


- 

\ 
i 

ABSTRACT  J 

j 

| 

I 

Project  No.  1C622401A096 :  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1C622401A096-03:  Laboratory  Identification  of  Biological  Warfare 

Agents 

Study  No.  -40-03:  Determination  of  Distribution  of  Viral  Agents 

in  Host  Tissues  Employing  Radioactive  Labeling 
Techniques  j 

j 

Reporting  Installation:  iU»S.  Army  Medical  Unit 

Fort  Detrick,  Maryland 

Division:  Physical  Sciences  Division 

i,  i 

Period  Covered  by  Report;  1  July  1963  to  30  June  1964  j 

Professional  Author:  Irving  Gray,  Colonel,  MSC  j 

Reports  Control  Symbol:  RCS-MEDDH-288 

Security  Classification:  UNCLASSIFIED 

Because  of  the  transfer  of  the  investigators  to  a  higher  priority  study, 
no  work  was  carried  out  during  this  fiscal  year.  This  study  has  been 
terminated. 

I 


297 


BODY  OF  REPORT 


Project  No,  1C622401A096:  Medical  Defense  Aspects  of  Biological  Warfare  (L) 

Task  No.  1C622401A096-03:  Laboratory  Identification  of  Biological  Warfare 

Agents 

Study  No.  -40-03:  Determination  of  Distribution  of  Viral  Agent3 

in  Host  Tissues  Employing  Radioactive  Labeling 
Techniques 

Description: 

To  study  the  distribution  in  host  tissues  of  viral  agents  employing 
radioactive  labeling  techniques. 

Progress : 

Because  of  the  transfer  of  the  investigators  to  a  higher  priority 
study,  no  work  was  carried  out  during  this  fiscal  year.  This  study 
hqs  been  terminated. 

Publications : 


Hone. 

Presentations : 
None . 


ANNUAL  PROGRESS  REPORT 


299 


Projecc  No.  1C622401A096:  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1C622401A096-03:  Laboratory  Identification  of  Biological  Warfare 

Agents 

Study  No.  -40-04:  Separation,  Purification  and  Concentration  of 

Arbovirus  Agents  and  Antigen-Antibody  Complexes 

Reporting  Installation:  U.  S.  Army  Medical  Unit 

Fort  Detrick,  Maryland 

Division:  Virology 

Period  Covered  by  Report:  1  July  1963  to  30  June  1964 
Professional  Author:  Robert  W.  McKinney,  Major,  MSC 

Reports  Control  Symbol:  RCS-MEDDH-288 


Security  Classification:  UNCLASSIFIED 


ABSTRACT 


300 


Project  No.  1C622401A096:  Medical  Defense  Aspects  of  Biological  Warfare  (U) 

Task  No.  1CG2241  aA096-03:  Laboratory  Identification  of  Biological  Warfare 

Agents 

Str  .'v  f'  -40-04:  Separation,  Purification  and  Concentration  of 

Arbovirus  Agents  and  Antigen-Antibody  Complexes 

Repox  *  .:*s  i'nstal  lation:  U.  S.  Army  Medical  Unit 

Fort  Detrick,  Maryland 

Division:  Virology 

Period  Cov  ;ed  by  S  i^ort:  1  July  1963  to  30  June  1964 

Professional  Author:  Robert  W.  McKinney,  Major,  MSC 

Reports  Control  Symbol:  RCS-MEDDH-2B8 

Security  Classification:  UNCLASSIFIED 

Investigations  under  this  study  were  suspended  because  of  lack  of 
adequately  trained  personnel.  It  is  anticipated  that  current  recruitment 
will  permit  resumption  dui lng  the  next  year. 
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Description: 
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from  infectious  virus  particles;  and  to  separate  group  and  specific  antigens 
in  order  co  investigate  antigen-antibody  complexes  in  concentrated  or  purified 
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Progress : 

Investigations  under  this  study  were  suspended  because  of  lack  of  ade¬ 
quately  trained  personnel.  It  is  anticipated  that  current  recruitment  will 
permit  resumption  during  the  next  year. 
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APPENDIX  A 

U.  S.  ARMY  MEDICAL  UNIT  GUEST  LECTURE  SERIES 


20  Nov  613 


12  Dec  63 


16  Jan  64 


13  Feb  64 


i2  Mar  64 


2  Apr  64 


26  Jun  64 


GUEST  LECTURER 

Dr.  Marion  B.  Sulzberger 
Technical  Director  oi  Research 
Office  of  The  Surgeon  General 
Washington,  D.  C. 

Dr.  James  C.  Hirsch 
The  Rockefeller  Institute 
New  York,  New  York 

Dr.  David  McK.  Rioch 
Director,  Division  of  Neuro- 
phychiatry 

Walter  Reed  Army  Institute  of 
Research 

Washington,  C.  0. 

Dr.  Robert  R.  Wagner 
Department  of  Microbiology 
lhe  Johns  Hopkins  Univenity 
School  oi  Medicine 
Baltimore,  Maryland 

Dr.  Vernon  Knight 
Institute  of  Allergy  and 
Infectious  Diseases 
Netional  Institutes  of  Health 
Bethesda,  Maryland 

Manfred  M.  Mayer 
rtment  of  Microbiology 
The  Johns  Hopkins  University 
School  of  Medicine 
Baltimore,  Maryland 

Dr.  Robert  I.  Squibb 
Professor  of  Nutrition  in  the 
Laboratories  of  Disease  ar.d 
Environmental  Stress 
Rutgers,  The  State  University 
New  Brunswick,  New  Jersey 


TITLE  OF  PRESENTATION 

The  Opportunities  and  Obli¬ 
gations  of  Military  Medical 
Research . 


Motion  Picture  Studies  or 
Phagocytosis  and  Degra-,.. lati on 
in  Polymorphonuclear  leukocytes 

Changing  Concepts  of  Homeo¬ 
stasis. 


Interferon:  A  Regulatory 
System  in  Viral  Infections. 


Studies  of  Coxsackie  A-21 
Aerosol  in  Man. 


The  Properties  of  Complement 
and  Its  Mode  of  \r.ticr,. 


Some  Nutritional  and  Bio¬ 
chemical  Aspects  of  a  Virus 
Infection. 
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U.  S.  ARMY  MEDICAL  UNIT  PROFESSIONAL  STAFF  MEETINGS 


DATE  LECTURER 

18  Oct  63  Robert  W.  McKinney,  Major,  MSC 
Chief,  ViroIo3y  Division 
U.  S.  Army  Medical  Unit 


22  Nov  63  Trygve  0.  Berge  ,  Colonel,  MSC 
Virology  Branch,  Armed  Forces 
Institute  of  Pathology 
Walter  Reed  Army  Medical  Center 
Washington,  D.  C. 

17  Jan  64  Irving  Gray,  Colonel,  MSC 

Chief,  Physical  Scierv'-.s  Diviaior 

U.  S.  Army  Medical  Unit 

27  Feb  64  Martha  K.  Ward,  Captain,  USFKS 
Chief,  Bacteriology  Division 
U.  S.  Army  Medical  Unit 

Dr.  Virginia  G.  McGann 
Bacteriology  Division 
U.  S.  Army  Medical  Unit 


TITLE  OF  PRESENTATION 

A  Summary  of  Observations  ar.d 
Experiences  during  V, sit  to 
Arbovirus  Laboratories  in  South 
America  and  during  Seventh 
International  Congress  of  Tropical 
Medicine  and  Malaria  in  Rio  de 
Janeiro. 

Etiology  of  Infectious  Hepatitis. 


Biochemical  and  Physiological 
Responses  Associated  with  the 
Administration  of  Staphylococcal 
Enterotoxln. 

Studies  on  Anthrax  Toxin. 


Preliminary  Results  of  Investi¬ 
gations  on  the  Antibody  Response 
to  Vaccination  with  Staphylo¬ 
coccal  Enterotoxln. 


Characterization  of  Strains  of 
Bacillus  anthi  icis. 


24  Apr  64  Arthur  L.  Hogge,  Jr.,  Colonel,  VC  Characteristics  of  Venezuelan 
Chief,  Animal  Assessment  Division  Equine  Encephalomyelitis  in 
U.  S.  Army  Medical  Unit  Swine. 


Ralph  E.  Thomas,  Major,  VC 
Animal  Assessment  Division 
U.  S.  Army  Medical  Unit 


Attenuated  Venezuelan  Equine 
Encephalomyelitis  Virus  in 
Pregnant  Swine. 


£ . iAl- ;  u-CrOirf  lilrr. i£, u  iLv.  Juvt  .... 
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CATE  LECTURER 


24  Apr  64  William  C.  Day,  Captain,  VC 
(Cont.)  Animal  Assessment  Division 
U.  S.  Army  Medical  Unit 

Herbert  L.  Morton,  Cant,  VC 
Animal  Assessment  Division 
u.  a.  Army  neaical  unit 

Melvin  H.  Davis,  1st  Lt ,  VC 
Animal  Assessment  Division 
U.  S.  Army  Medics!  Unit 

Ralph  W.  Kuehne 

Animal  Assessment  Division 

U.  S.  Army  Medical  Unit 


28  May  64  John  D.  Marshall,  Jr.,  Major, 
MSC 

Chief,  Microbiology  Division 
U.  S.  Army  Medical  Unit 

Allan  R.  Larrabee ,  Captain, 
MSC 

Microbiology  Division 
U.  S.  Army  Medical  Unit 


TITLE  OF  PRESENTATION 


P'->stexposure  Prophylaxis  and 
T:  eatment  of  Airborne  Simian 
Tularemia  with  Novobiocin. 

Attenuated  Venezuelan  Equine 
Encephalomyelitis  in  Pregnant 
Swine. 

Venezuelan  Equine  Encephalo¬ 
myelitis  in  Lacratlng  Sows. 


The  Efficacy  of  Viable 
Pa3teurella  tularensls  Vaccine 
^LVS)  Against  Respiratory 
Challenge  with  Strains  SCHU-S4 
;.nd  SCHU-S5  in  Macaca  mulatta. 

And 

Evaluation  of  Living  Vaccine 
Strain  and  TC-80  Vaccines 
Administered  by  the  Reapiratory 
Route . 

Drug  Resistant  Malaria. 


Antigens  from  Paateurella 
pestis. 
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